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Leading Laboratories 


MOUSE-HOUSE 


< 


tHE Picitic ANIMAL CAGE 


1. SPEEDS RESEARCH—clear, plastic walls permit daily cage inspec- 
tion, aid observation of rodent development. False mesh bottoms 
speed metabolism tests and keep animals clean. 


2. CLEANER — lower portion of cage is free from crevices and 
corners, thus cleaning usually involves only (1) turning cage upside 
down and (2) brushing unclean surfaces with hot soap suds and 
rinsing in hot water. Body acids and urine do not affect plastic 
cages. We recommend our HYTRON as a disinfectant. 

3. SAFER — slow changing temperatures of smooth plastic walls 
protect rodents against drafts, and sudden temperature changes, 
thus reducing mortality rate. 

4. VERMIN PROOF—the plastic MOUSE-HOUSE automatically 
eliminates the outside enemies to highly technical research. 

5. LESS COSTLY — by comparison with utility value of other cages. 
With reasonable handling these cages last indefinitely, making 
them more economical. 


Follow the lead of a large majority of research 
departments in leading universities, hospitals, pri- 
vately endowed institutions and government 
bureaus who are regular users of this modern 
plastic animal cage. Everyone who uses this prac- 


MODEL 150 
STANDARD 


CLEAR PLASTIC CAGE FOR RATS AND HAM- 
STERS. Molded from crystal clear plastic sheets; 
interchangeable stainless steel perforated cover fits 
snugly on the fluted sides of cage and has two special 
openings for inserting drinking tubes. Stainless steel 
feed cup fits over the end of the cage, inside the top 
rim, has a slotted base and a suspended hood. Perma- 
nent record card on end. Cage size for all 150 Models 
1114” x 1814” x 614”. 


MODEL 101 


CLEAR PLASTIC STOCK 
CAGE FOR MICE. Has all 
the construction features de- 
scribed for Model 150, but 
is smaller. Accommodates 


small rodents, cage 
1114” x 714” x 5”. 


tical economical way of caging experimental 
rodents say the MOUSE-HOUSE cage is superior 
Im every way. 


CLEAR PLASTIC CAGE 
FOR RATS AND HAM- 
STERS. Has same features of 
other plastic cages plus a 
stainless perforated slide-on 
cover with built-in food hop- 
per which can be filled 
without opening the cage, 
plus a removable expanded 
metal grate above the plastic 
bottom. Grate is removable 
for cleaning. Size 13” x 914” 
a7”. 


MODEL 110 





MODEL 103 STANDARD 

® CLEAR PLASTIC CAGE 
FOR MICE. This cage has all 
the construction features de- 
scribed for Model 101 _ex- 
cept the size is smaller. Cage 
103 Models 


size for all 
2a56” x 336" x 3”. 





MODEL 102 STANDARD 
CLEAR PLASTIC CAGE 
FOR MICE. Has all the con- 
struction features described 
for Model 101 except the 
general shape is square in- 
stead of rectangular. Cage 
size for all 102 Models 111%4” 
x 11%” x 614". 


In addition to the Standard Models shown all MOUSE-HOUSE cages are available 
with a variety of metal covers especially designed for the varying needs of animal care 
and observation. Write today for more information. 


Keystone Plastics Ca. MEDIA, Pa. 


Specialists in Scientific Plastic Processing 
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Production of accurate, low cost Pipettes by 
a combination of uniform bore tubing and 
a modern calibration and marking method 
—envisioned and urged by us for a long 
time—has become a reality with the an- 
nouncement by Corning Glass Works of the 
new Pyrex brand ACCU-RED Pipettes. 

These new Pipettes have an accuracy 
well within the requirements of Federal 
Specification DD-V-581a. Calibrating and 
marking by one operation reduces the cost 
and results in savings up to 15%. 

They are made from accurate bore, 
uniform wall tubing of Pyrex brand glass 
7740 and are therefore chemically stable, 
corrosion resistant, and unaffected by 
either hot air or steam pressure sterilization. 

Graduations and other markings are 
applied to the glass in a new permanent 
red which becomes part of the glass and 
remains sharply legible. Walls are extra 
heavy, and the sturdy tips have smooth, 


Tesniiry ano sivict 
A.H.T.CO. 
[Lasonarony arraeatus | 


More and more laboratories rely on Thomas 


double bevels. A “sight line’ behind each 
major graduation mark permits rapid and 
accurate meniscus readings by minimizing 
errors caused by parallax. 


8161-D. Pipettes, Measuring (Mohr), Accu-red, Pyrex brand 
glass, graduated between points above tip. 
To deliver, mi... 1 1 2 5 10 


Graduation 
interval, ml..... 1/10 1/100 1/10 1/10 1/10 


Tolerance, tm! 0.02 0.02 .0.02 0.04 0.06 
1.14 1.16 1.16 1.34 

Per original 

*package of 18. 16.69 18.47 18.79 18.79 21.71 


8169-L. Pipettes, Serological, Accu-red, Pyrex brand glass, 
graduated to extreme tip; with two bands af top indicating they 
are calibrated for blowing out the last drop. 

To deliver, ml...... 1 1 2 5 


Graduation 
interval, ml. 1/10 1/100 1/10 1/10 


0.02 0.02 0.04 
- 1.08 1.23 1.26 1.26 


*package of 18.... 17.50 19.93 20.41 20.41 


*May be assorted with items in Corning catalogue LP-36 and 
supplements thereto for maximum original package discounts, 


ARTHUR H. THOMAS COMPANY 
Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA, PA> 
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Federation Proceedings 


Published by 


FEDERATION of AMERICAN SOCIETIES 
for EXPERIMENTAL BIOLOGY 


American Physiological Society 

American Society of Biological Chemists 

American Society for Pharmacology and Experimental Therapeutics 
American Society for Experimental Pathology 

American Institute of Nutrition 

American Association of Immunologists 


EDITORIAL BOARD FEDERATION PROCEEDINGS is published quarterly. 
The March issue consists of the Abstracts (Part I) of the 

Grorce M. Brices papers presented at the scientific sessions, and the Program 
(Part iD of the Annual Meeting of the Federation. The 

F. S. CHEEVER July and September issues contain symposia and other 
: : special papers presented at Federation meetings as se- 
Hattownu. Davis lected by the Editorial Board. The December issue con- 
Paitip HANDLER tains the membership list and other matters pertinent to 


the Constituent Societies of the Federation. 


Harotp C. HopGe 
Entered as second class matter March 16, 1942, at the Post 





J. F. A. McManus Office at Washington, D. C. under the Act of March 3, 

; 1879. Copyright 1957, by the Federation of American 
Mitton O. LEE Societies for Experimental Biology. Printed at Waverly 
Managing Editor Press, Baltimore, Md. All rights reserved. 


SUBSCRIPTION PRICE: $8.00 per year ($8.50 Canada, $9.00 foreign) payable in advance. 
Single Issues: March, Part I (Abstracts) $5.00, Part II (Program) $1.00; July and September, 
$2.00 each; December, $3.00. Subscriptions and orders should be sent to: 


Federation Proceedings 
9650 Wisconsin Avenue Washington 14, D. C. 
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from 


POETRY... 


“...in today already walks tomorrow.” 
COLERIDGE 


to 


PHILOSOPHY... 


“,..most human activities advance by virtue 

of contributions from many different types 

of individuals, with vastly different endowments, 
working at different levels. Medical investigation 
is no exception to this rule.”* 


to 


PHARMACEUTICALS 


“In the research activities of the pharmaceutical 
manufacturers, therapeutic trends based 

on fundamental advances in biology and medicine 
clearly modify continually the subjects 

and directions of research.”** 


hk Sait 


H. L. Daiell, M.D. 
Scientific Director 
P.S. Lakeside Laboratories specializes in the 
synthesis of new and distinctive compounds designed 
for “tomorrow’s” therapy of cardiorenal, 
gastrointestinal, ventilatory and other disorders. 


*The American Foundation: Medical Research: 

A Midcentury Survey, Boston, Little, Brown 

and Company, 1955, vol. 1, p. XXXI. 
**Ibid., p. 600. 
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GRASS 


MODEL P-5 


A. C. PRE-AMPLIFIERS 


FOR 
CATHODE-RAY OSCILLOGRAPHS 


LOW LEVEL PRE-AMPLIFIER: capacity-coupled, battery-operated. 
FREQUENCY RANGE: .1 to 30,000 + 1.5 db; .3 to 10,000 + 5%. 
FILTERS: five step adjustable filters for each end of the band. 
AMPLIFICATION: 1 to 28,000, step controlled. 

INPUT: push-pull or single-sided; 4 megohms on push-pull. 

OUTPUT: 30 volts maximum peak to peak on push-pull at 2500 ohms. 
NOISE LEVEL: 10 microvolts peak to peak; 2 microvolts for narrow band. 
DISCRIMINATION: up to 50,000 to 1 on push-pull. 

CALIBRATION: 10 microvolts to 50 millivolts in 12 steps. 


CATHODE FOLLOWER input probe available as accessory 
for high impedance inputs. 





GRASS INSTRUMENT COMPA 


101 OLD COLONY AVENUE - QUINCY, 











INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1 


first 








A Scientific First ! 





: Nucleic Acid 
Molecules 
Observed with 
RCA Electron 
Microscope 





Electron Micrograph showing segments of threadlike molecule of desoxyri- 
bose nucleic acid from calf thymus. Large particles are polystyrene spheres 
about 800 Angstroms in diameter. Judged from length of shadows, the 
nucleic acid molecule is about 20 Angstroms in dia. Micrograph, courtesy 
Professor Cecil E. Hall, Associate Professor of Biology, Massachusetts 
Institute of Technology. 


ind. 


Dr. Hall of M.I.T. was the first one to actu- 
ally see and photograph a molecule of 
desoxyribose nucleic acid (DNA). This 
was made possible by his new and unique 
method of preparing specimens, which 
permits utilization of the greatly increased 
resolving power of the RCA EMU-3 
Electron Microscope. The discovery is of 
considerable importance because it gives 
visual proof of the shape and size of these 
molecules—characteristics which other- 
wise only could be theorized. 


A sample of desoxyribose nucleic acid was 
first stripped of protein molecules and then 


placed on the extremely smooth face of 
freshly cleaved mica. The specimen was 
shadowed with platinum, backed with a 
film of evaporated silica, then one of 
plastic. Spheres of polystyrene latex were 
added to the preparation as an aid to focus- 
ing and also to provide an internal check 
on the ratio of shadow length to height 
above the surface. The importance of 
desoxyribose nucleic acid in biological 
research lies in the fact that it is one of the 
chief constituents of chromosomes and it 
is believed to be the primary carrier of 
genetic information from cell to cell. 


Invaluable as a tool of fundamental research in the fields of 
biology, bacteriology, medicine, or as a quality control instrument in 
industry, the RCA Electron Microscope can provide you with direct 
magnifications up to 50,000X and useful photographic enlarge- 
ments up to 300,000X. Compact, one-piece units, these microscopes 
assure operating ease and convenience with safety and reliability. 
For further information, write to Dept. U-287, Building 15-1, Radio 
Corporation of America, Camden, N. J. In Canada: RCA VICTOR 
Company Limited, Montreal. 


















MPA A Enero ns mas es ce ne cate emanate — oe ee ee ee ee ee ee ee ee ee ee ee ee oe 
Y, RADIO CORPORATION of AMERICA 
Camden, N. J. 
Tmk(s) ® 
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How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 


That's because Lad-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it. . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 14L-56 tells the story. Let us send it to you. 


THE TECHNICON COMPANY, CHAUNCEY, N. Y. 
laboratory filing system 





a 


y stem 














ive 15% with 





new PYREX brand Accu- red pipettes 


... get faster sight line readings, too 


You can save up to $5.18 every time you order a 
package of 18 Accu-red measuring (Mohr type) or 
serological pipettes. 

Oddly enough, it’s the fact that these pipettes 
are so accurate that makes them cost you less. 
We've found a way of making fine bore tubing 
with such uniform inner diameters that we can 
calibrate and mark these pipettes much faster. 

Accu-red pipettes cost us less to make, so they 

cost you less to buy. 
You get sight lines, too. You'll notice on the back of 
Accu-red pipettes short lines which level perfectly 
With the major graduations. Use them—like gun- 
sights—to get faster, more accurate readings. 

Both graduations and sight lines are in perma- 
nent LIFETIME RED. Actually part of the glass itself, 
LIFETIME RED markings stay sharply legible for 
the life of the pipette. 

Plus the PYREX trademark. Because Accu-red pipettes 
are made of chemically resistant Pyrex brand 


glass No. 7740, they will not alter antigens, or 
biological or chemical solutions. Nor are they 
affected by most cleaning solutions. And, PYREXx 
brand pipettes withstand sterilizations, both wet 
and dry. 

Like all pipettes bearing the Pyrex trademark, 
Accu-red pipettes have extra strength built-in— 
double-bevelled tips, ground satin-smooth, reduce 
snag-induced tip breakage; uniform walls, un- 
marred by etched graduations, produce a stronger 
pipette from mouthpiece to tip. 

Sizes and graduated intervals. 7085 serological pi- 
pettes, 1 ml capacity graduated in 1/10 ml, 1 x 
1/100, 2 x 1/10, 5 x 1/10, and 10 x 1/10. 7065 
Mohr type, same as 7085 plus 25 ml in 1/10 ml. 


CORNING GLASS WORKS 
y 86-7 Crystal Street, Corning, N. VY 


fre) PYREX® laboratory ware 
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ELECTRI 
ORM CUTTING EDGE 








Much faster and more 
accurate than old 
hand-stropping methods. 
Merely run blade over 
special compounded wheel 
four or five times each side. 
Knife holder and support 
plate adjustable for 
differences of bevel on 
various knives. For further 
data write for Technical 
Bulletin 23-122. 4 


60070. Grey finished housing, 
5655 KINGSBURY, 13% inches wide, 11 inches 
ST. LOUIS 12, MO. deep, 9 inches high. For 115 © 
volts A. C. Complete with ~ 


DIVISION OF A. S. ALOE COMPANY 14 STOCKED DIVISIONS : 
COAST-TO-COAST charged stropping wheel 


and extra supply of 
stropping abrasive for 
*Patent applied for recharging. Each $275.00 
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fills every research requirement 


ORTHOLUX wicrosco 
MICROSCOPE 

IDEAL FOR RESEARCH —The Leitz ORTHOLUX microscope is highly valued inleading research 

laboratories because of its versatility, image quality and unique advantages. The 


ORTHOLUX incorporates the most refined details of advanced optical design and has its 
own built-in illuminating system for transmitted or incident light. 





WITHIN SECONDS the ORTHOLUX with easily attached Leitz accessories adjusts for: bright and 
dark field + polarized light « phase contrast + fluorescence microscopy + photomicrography « 
table and wall projection «+ ultropak illumination for reflected light. 


COMFORT AND EASE OF OPERATION—ORTHOLUX 
design permits operation of the microscope in a relaxed 
position with unobstructed stage in clear view and 
fingertip control of low position, table-top adjustment * 
knobs. And...the dual controls move only the ball- 
bearing stage—they do not alter the favorable eye- 
piece height— providing fatigue-free operation. 












Send for ORTHOLUX brochure. *™ 
See and examine the 
ORTHOLUX microscope soon. 





E. Leitz, Inc., Dept. FP-7 
468 Fourth Ave., New York 16, N.Y. 


Please send me the Leitz ORTHOLUX brochure. 


Name 





Street. 





City. Zone____ State. 





09455 San cee ceeee cee ree cee ee em ee cee ee ee ee ee ee ee ee ee ee en ee ee re mee 


E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N. vv. 
Distributors of the world-famous products of Ernst Leitz, Wetzlar, Germany 
LENSES + CAMERAS += MICROSCOPES +« BINOCULARS 
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dependable for reference and for study 


1 GOODMAN AND GILMAN 
The Pharmacological Basis of Therapeutics, second edition 


e Outstandingly authoritative in its field. 

e Offers the basic principles necessary for the rational use of drugs. 

e An indispensable text for students. 

e Extremely readable, functionally indexed, and possessing an extensive 
bibliography. 1,848 pages 195, $17. 





2 WEST AND TODD 
Textbook of Biochemistry, second edition 
“One of the most thorough and carefully written of the available general 


textbooks on biochemistry.” —Quarterly Review of Biology 


One of the most comprehensive textbooks of biochemical fact and theory 
for the student, instructor, and clinician. 


“An amazing amount of material is encompassed, but the excellent index and 
numerous figures, tables and charts make for easy reference.” 
—American Journal of Clinical Nutrition 


1345 pages, profusely illustrated 1955 $12.00 


3 STEARNS 
Fundamentals of Physics and Applications, second edition 


Up to date, inclusive, but easily understood. The student is shown 
fundamentals as they are applied in the biological sciences, medicine, 
optometry, physical therapy, nursing, and allied fields 


400 pages 816 illustrations 1956 $6.50 


4 FRANCIS-MORSE tes 
Fundamentals of Chemistry and Applications, fourth edition a" 


new Distinguished for into s 
sound pedagogy «. completeness. scientific reliability peper 


558 pages, 95 illustrations 1956 $6.00 emittis 


5 FRANCIS-MORSE-CHADWICK 
Laboratory Manual, second edition: To Accompany 
new Fundamentals of Chemistry and Applications 


Redesigned, completely up to date, planned for courses from 45 to 90 hours. 
Selected experiments point out the more significant generalizations and 
principles of chemistry. 

192 pages illustrated Nov., 1956 $3.25 





new 


1A 


| THE MACMILLAN COMPANY, Box FP-4 { 
| 60 Fifth Avenue, New York 11, N. Y. | 
| Please send me | 
10 20 380 40 50 
i] bill me 0 payment enclosed [1 | 
| (Publisher pays delivery charge if payment is enclosed with order. ) | 
| | 
| | 
| | 
| | 


Name 





Street 





City, Zone, State. 
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The modern laboratory illustrated above is the most complete 
and versatile ever assembled for nuclear biological research. 
Separate Nuclear-Chicago instruments have been combined 
into specialized counting and recording systems for scanning 
paper radiochromatograms, for assay of liquid or solid gamma 
emitting samples, for low level counting of carbon-14 and tri- 








Laboratory cabinets courtesy of Chicago Apparatus Company 


complete new instrumentation for 
biochemical research with radioisotopes 


tium, for automatic sample handling and counting. Each of 
these systems offers the maximum in accuracy and automaticity, 
is designed for integration with other biological techniques, and 
is built to maintain the traditional high standards of quality 
and reliability of all Nuclear-Chicago products. Our representa- 
tives will be happy to discuss your particular needs with you. 





1A Rectilinear Recorder, 1B Model 
C100A “Actigraph"” with sensi- 
tive D47 Gas Flow Counter with 
exclusive ‘“Micromil” window, 
and 1C Model 1620A-S Analyti- 
cal Count Rate Meter for auto- 
matic scanning and recording 
of the radioactivity on paper strip 
chromatograms. 





2A Model 181A Royal Scaler and 





4A Printing Timer, 4B Model 161A 

Basic Binary Scaler, and 4C 

Model C110B Automatic Sample 

Changer for automatic handling, 

measuring, and recording of the 

radioactivity of as many as 35 

pl hin wind or gas 

flow detectors may be used with 
the sample changing system. 





5A Model M5 Semi-automatic 








Model T1 timer are shown with 
2B Model DS5-5 Scintillation 
Well Counter for precision 


3A “Dynacon" Converter with 500 


Sample Changer with Model D47 
Gas Flow Counter connected to 
5B Model 186 Imperial Scaler. 











measurement of gamma emitting 
liquid or solid radioactive 
samples. Well counter contains 
a full 2” of lead shielding. 


ml. ion chamber, 3B “Dynacon” 
amplifier, and 3C Recorder for 
high efficiency measurement of 
radioactive carbon-14, tritium, 
and other low level samples in 
the gas phase. 


The 186 may be used with all 
G-M, scintillation or proportional 
detectors, features one millivolt 
to one volt input sensitivity. 


nuclear - chicago 
° 2" WEST ERIE STREET © cuenso 1 nunors 











Orinase 
Prescription 
Information 


Dosage: Patients responsive to Orinase 
may begin therapy as follows: 


First day 


cn” 900008 
zen BOOS 
Third day ae T] 


1 Gm. 


Usual maintenance dose 1 Gm. 
(must be adjusted to patient’s response) 


To change from insulin to Orinase: 

If previous insulin dosage was 

less than 

40 u./day . . . reduce insulin 30% to 
50% immediately; 
gradually reduce insulin 
dose if response to 
Orinase is observed. 


more than 
40 u./day . . . reduce insulin 20% 
immediately; carefully 
reduce insulin beyond 
this point if response to 
Orinase is observed. 
In these patients, 
hospitalization should be 
considered during the 
transition period. 
Caution: During the initial “test” period 
(not more than 5 to 7 days), the patient 
should test his urine for sugar and 
ketone bodies three times daily and 
report to his physician daily. For the first 
month, he should report at least once 
weekly for physical examination, blood 
sugar determination, and white cell 
count (with differential count, if 
indicated). After the first month, the 
patient should be seen at least once a 
month, and the above studies carried out. 
It is especially important that the patient, 
because of the simplicity and ease of 
administration of Orinase, does not 
develop a careless attitude (‘“cheating” 
on his diet, for example) which may 
result in serious consequences and 
failure of treatment. 
Supplied: In 0.5 Gm. scored tablets, 
bottles of 50. 


Complete literature available on request. 


THE UPJOHN COMPANY 
KALAMAZOO, MICHIGAN 
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the new OF al antidiabetic agent 
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Ready for your prescription now. Orinase is now 
available in all leading prescription pharmacies. 
But please, before you prescribe this exciting 
new drug, be sure you understand its limitations. 


Indications. Orinase is most likely to benefit the 
patient in whom the diabetes is relatively mild 
and stable, is not adequately controlled by die- 
tary restrictions alone, and developed sometime 
after the age of 30 years. 


Contraindications. Orinase is contraindicated in 
patients with 1) diabetes of the type known vari- 
ously as juvenile, growth-onset, unstable, or 
brittle; 2) a history of diabetic coma; 3) diabetes 
complicated by ketosis, acidosis, coma, fever, 
severe trauma, gangrene, Raynaud’s disease, or 
serious impairment of renal or thyroid function; 
4) hepatic dysfunction; and 5) diabetes ade- 
quately controlled by dietary restriction. 


Effects. In patients with a satisfactory response 
to Orinase, the blood sugar falls, glycosuria 
diminishes, and such symptoms as pruritus, poly- 
uria, and polyphagia disappear. It is not a sub- 
stitute for insulin. And it requires the same ad- 
herence to basic principles of diabetes control as 
does insulin, e.g., dietary regulation; tests for 
glycosuria and ketonuria; hygiene; exercise; in- 


NASE 


Used investigationally in more than 18,000 patients! 





( Tolbutamide, Upjohn) 


struction of the patient to recognize and counter- 
act impending hypoglycemia, to follow rigidly 
directions regarding diet and continuing use of 
the drug and to report immediately to the phy- 
sician any feeling of illness. Extreme care must 
be taken during the transition period to avoid 
ketosis, acidosis, and coma. 


Side effects. To date, the most serious side effect is 
hypoglycemia, which may occur occasionally and 
is most likely to occur during the transition 
period from insulin to Orinase. Other untoward 
reactions to Orinase are rare, usually of a non- 
serious nature, and tend to disappear on adjust- 
ment of dosage, e.g., gastrointestinal disturb- 
ances, headache, variable allergic skin manifesta- 
tions, and alcohol intolerance. 


Clinical toxicity. Aside from an occasional hypo- 
glycemia, Orinase appears to be remarkably free 
of gross clinical toxicity. There is no evidence of 
crystalluria or other untoward effects on renal 
function, or of hepatotoxicity. Except for a rare 
leukopenia of mild degree, which has been revers- 
ible (in some instances, even under continued 
therapy), there have been no adverse effects on 
hematopoietic function. 


* TRADEMARK, REG. U.S. PAT. OFF. 














There Is a 
Delicate 
Balance... 


between 


QUALITY and 
ECONOMY 


NUTRITIONAL BIOCHEMICALS CORPORATION always 
assures you the economy of lowest possible prices . . . 
yet never sacrifices their proudest asset — quality of 
product. 
A COMPLETE SELECTION OF MORE THAN 
200 AMINO ACIDS AND PEPTIDES 


Typical Amino Acids 
Glutamine Valine, D, DL, L 
Phenylalanine, D, DL, L Ornithine, DL, L 
Homoserine Dopa, D, L, DL 
Homocysteine Asparagine, D, L, DL 
Histidine Serine, D, L, DL 





NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 
21010 Miles Avenue... Cleveland 28, Ohio 


Write for 
new catalog 
July 1957 
Over 1700 items 
Write Dept. 107 


FEDERATION PROCEEDINGS 








Where quality counts, 
HN¢ Gold Seal 
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* FLASH-EVAPORATOR 


Available in two models FE-2 for batch operation only and 
FE-2C for both batch and continuous operation, Flash- 
Evaporator has an evaporator flask on the right hand side 
which revolves in a hot water bath and a condenser flask on the 
left which is simultaneously cooled by a stream of cold water 
or ice. The two rotating flasks are connected to the revolving 
shaft bv a standard taper joint. 


For details write for Bulletin FE 



















* MULTI-DIALYZER 


A laboratory apparatus for rapid mechanical 
dialysis of multiple samples 


SAMPLE VOLUME 1 to 4,000 ml 














Unique Features: 
1. As many as 32 samples dialyzed at one time. = 






2. Each sample dialyzed against its own buffer. 






3. Complete dialysis by agitating both buffer and same 
ple. 

4. Portions of sample and buffer may be removed from e 
standard unit without disassembly. 


5. Dialysis time reduced to less than two hours for 
most applications. ; 










6. Accessory available for continuous dialysis with : 
temperature control. : 






Write for Bulletin No 2-10007 















F 

n 

f 

* ZONE 1. Uses 2 widths of paper strips, 14” and 1”. of ’c 
ELECTROPHORESIS 2. Separates 10 ml samples by rapid and precise starch technique — 

In 


A complete apparatus for paper 3. Furnished with sample applicator, pre-punched : 
strips and starch blocks strips, wicks, buffer, reagents, dyeing and washing 5d 






pans, record folders, etc. achie 
4. Paper carrier holds strips taut throughout electrophoresis. - 
5. Power supply designed especially for research. large! 
6. Complete illustrated operating instructions provided. entire 
Nothing to add but water! a 


wre for bulletin N3-1000 § tracec 


Di ecicony GLASS 


& INSTRUMENTS CORP. 


514° W: 147th St. New: York 





For RESEARCH / CLINICAL OUTPUT / LARGE SCALE SEPARATIONS 
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For the clinical accuracy your heart 
practice demands... and a degree of port- 
ability never before approached in the field 
of ‘cardiography...this new Sanborn in- 
strument offers a truly remarkable answer. 


Inthe VISETTE you will find outstand- 
ing Sanborn quality and performance, 
achieved through the latest electronic 
techniques and the most modern princi- 
ples of instrumentation. Tiny transistors 
largely replace bulky vacuum tubes... 
entire circuits are contained in plug-in 
printed wiring panels no larger than a 
playing card ... ‘cardiograms are clearly 
traced on chart paper in a new, convenient 
width. Innovations such as these have also 
made possible economies in production, 
tellected in the comparably lower price 
ofthe new 300 VISETTE. 


Every design feature, every component 
inthis modern instrument, serves a single 
purpose: clinically accurate ’cardiograms 


July 1957 


A COMPLETELY 


HERE !S 


A 


SANBORN 


electrocardiograph 


»»e the eighteen pound, transistorized model [OO 


with the greatest possible convenience. The 
“Sanborn man” in or near your city can 
provide complete details, and a demon- 
stration in your office if you wish. And 
of course you may try a VISETTE (as 
you can other Sanborn instruments) — 
before buying, without cost or obligation. 


To those who already own the famous 
Model 51 Viso-Cardiette, the new 
VISETTE can be an invaluable “com- 
panion” ECG — especially suited to use 
outside the office, or in hospital wards. 
Or, for those who prefer a larger instru- 
ment, using conventional 6 cm. width 
recording paper, the “51” is still available 
at $785 delivered. 


SAN BORN 
COMPAN Y 


WALTHAM 54, MASS. 
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CENTRIFUGES 
for °57 by C.S8. &E. 


Backed by fifty years of experience the Chicago Surgical 
Model 40 and Electrical Company presents the “Forward Look,” 
in the field of centrifuges.—Not only does this embody 
improvement of design, but in every phase of con- 
struction and craftsmanship . . . To one end; perfection 
of equipment for medical, chemical, and research 
laboratories. 


Two new 6-tube 15 ml. safety le centrifuges, Models 40 and 
50 are fully enclosed and have ~ cap for loading. There are 
no exposed revolving rts and danger = Sante — * is 
eliminated. Distinctive C. S. ine E. styling with ‘Tan Finish 

Streamlined aluminum housing. S of Model 40 is constant 
1700 RPM, while Model 50 nes hmite rheostat giving speed 
regulation from 0 to 5000 RPM, with built-in timer. Motor of 
Model 50 is ball-bearing, lubricated for life. Easy loading 

and wtih hn 


Embodying many safety ae the Model 10 (Size 1) 
and Model 20 (Size 2) C. S. & E. Centrifuges are de- 
signed for use in medical and industrial laboratories. 
abinets are of most modern furniture type design 
finished in Sand-Tan with black Formica top; electric 
brake eliminates brake shoes; built-in owerstat 
gives stepless speed control; dial type gs) indi- 
cator indicates speed up to 6,000 RPM.; auto- 
matic electric timer; al! ABs are interlocked 
for operator safety. Motor is lubricated for life. 
Model 10 will accommodate all types of —— 
ee for Size 1 Centrifuges; Model 20 
takes all Size 2 heads and accessories. Both 
units offer convenient storage space for 
accessories. Model 10 comes with &% HP 
motor; Model 20 has % HP motor. Both 
models may be supplied with refrigera- 
tion for operation below room tem- 


perature. 

SEND FOR 
BULLETIN NO. 
FP-7 





NEW 
FORWARD 
LAB-LOOK 


CHICAGO SURGICAL & ELECTRICAL CO. 


Division of Labline, Inc. 
3070-82 West Grand Avenue + Chicago 22, Illinois 
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BLICKMAN 


BLICKMAN 


SAFETY 


Stainless steel enclosures 


for handling 
hazardous substances 


SAFETY is the prime factor in this newly- 
designed special-purpose equipment. These 
two enclosures make it easier and safer for 
the laboratory technician to work with con- 
taminants, infected animals and micro- 
organisms, toxic chemicals, poisonous and 
radioactive substances and live viruses. 
Stainless steel construction features crevice- 
free surfaces and rounded corners for ease 
of cleaning and decontamination. For full 
information send for technical bulletins or 
describe your particular problem. Write to 
S. Blickman, Inc., 6407 Gregory Avenue, 
Weehawken, New Jersey. 


SAFETY 
ENCLOSURES 


Blickman-Built 





Look for this symbol of quality 
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MICRO-BIOLOGICAL SAFETY CABINET 
with micro-biological filter canister 


Filter canister may be back or top-mounted. Cabinet 
equipped with fluorescent lamps, cold cathode sterile 
light, service connections, electrical panel box with 
switches. Safety glass viewing window hinged to 
sloping front. Available in either 36” or 48” lengths. 
Other sizes, if desired. Air lock and stand optional. 













BIOLOGICAL ENCLOSURE 


with refrigerated centrifuge 
and micro-biological filter canister 


Centrifuge is bottom-mounted, filter canister either 
back or top-mounted. Access openings at either end. 
Interior of hood has approximately ten square feet 
working space. Cup sink at bottom of hood. Unit 
equipped with UV and fluorescent lights, services for 
electricity, hot and cold water and three additional 
connections. 
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Ham’s HISTOLOGY 





By ARTHUR WORTH HAM, M.B., F.R.S.C., Head of the Division of Bio- 
logical Research, Ontario Cancer Institute, Toronto, Canada. 


Up-to-date in every respect, the new third edition of this standard text 
follows the successful pattern of its predecessors. The same highly lucid 
literary style, comprehensive coverage and attractive physical charac- 
teristics for which earlier editions were noted have been retained. Added: a 
simple and orderly coverage of the revolutionary advances made possible 
through electron microscopy. Through easy-to-follow text linked with care- 
fully selected visual aids, Dr. Ham demonstrates how and why these new 
developments provide a better understanding of physiologic, histochemic 
and pathologic processes. 64 new illustrations—many of them full-page 
electron micrographs. 
876 Text Pages 


§82 Figures 38rd Edition in Preparation 





HUMAN OVULATION 
AND FERTILITY 
By Edmond J. Farris, Ph.D. 


A concise and authoritative book 
presenting the results of a decade of 
experiments on basic problems of 
human ovulation. Suggests methods 
the author has found effective in 
solving troublesome sterility prob- 
lems. Describes with statistical doc- 
umentation a new formula for cal- 
culating the day of ovulation and 


the limits of the fertile period. 





SIGNS AND SYMPTOMS 
Edited by 
Cyril Mitchell MacBryde, 
M.D., F.A.C.P. 
The NEW 3rd edition brings this 
unique and well-known reference 
book thoroughly up to date. Besides 
the editor, 27 physicians have con- 
tributed their knowledge on 33 major 
signs and symptoms described from 
the viewpoint of disturbances of 
function, pertinent physiology, 
physiologic chemistry, and patho- 


logic physiology. 





PROCEEDINGS OF THE 
THIRD NATIONAL 
CANCER CONFERENCE, 1956 
The American Cancer Society 
and the National Cancer 
Institute 
A generously-illustrated one-volume 
collection of valuable reference in- 
formation on the current status of 
our knowledge of cancer. A vital 
presentation of new ideas and 
procedures coordinating data from 


many sources. 











re > ee a 





159 Pages 35 Figures 973 Pages 191 Figures 961 Pages 402 Figures 
56 Tables 1956 $6.50 3rd Edition, 1957 $12.00 354 Tables 1957 $9.00 
LIPPINCOTT 
eaekel 4 J. B. LIPPINCOTT COMPANY, 
ike? East Washington Square, Philadelphia 5, Pa. 
In Canada—4865 Western Avenue, Montreal 6, P.Q. 
PHILADELPHIA 
MONTREAL 
Please enter my order and send me: 
pe IS RAO EAD So oc, ics wing cx ti, dni aah aoe Re og She In Prep. 
O HUMAN OVULATION AND FERTILITY ........... $ 6.50 
Bee UP Oh Boe | Ug | ere $12.00 
O PROCEEDINGS OF THE THIRD 
NATIONAL CANCER CONFERENCE, 1956......... $9.00 
NARS SEER PE ee —___4 1 eerge 
ADDRESS es ars oe [0 Convenient Monthly 
; : / Payments 
RR ee NG —O Payment Enclosed 
FP-7-57 
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FIRE 
IN 
CHICAGO! 


That is how we feel about the overwhelmingly enthusiastic 
response accorded our new “SZENT-GYORGYI—BLUM” CON- 


TINUOUS FLOW CENTRIFUGE, and our other instruments, at the \ 


1957 Annual Meeting of the Federation of American So- 
cieties for Experimental Biology. 


The unique design of the “SZENT-GyOrGYI—BLUM” CONTINUOUS 
FLOW CENTRIFUGE allows precipitates to be collected in 1, 2, 4, 
or 8 tubes in one continuing operation, and large batches 
of material may be handled. 


SERVALL SS-33 PUSH-BUTTON 
AUTOMATIC SUPERSPEED CENTRIFUGE 


Brings modern automation to the research laboratory. The 
new ‘“Servall-Blum” Gyro-Action Self-Centering Assembly 
is the first and only significant advance in this field since 
our introduction of the ‘‘Servall-Blum-Rockefeller’’ design. 


SERVALL TYPE GS LARGE VOLUME SEALED ROTOR 


For greater volume and greater speeds. Nominal capacity: 
2,200 ml; Operating capacity: 1,770 ml; Speeds obtainable: 
up to 9,500 rpm. The GS may be used in the ‘‘Servall’’ 
Superspeed Refrigerated Centrifuge and in our new Auto- 
matic and Enclosed Centrifuges. Sealed cover. 


SERVALL ‘‘Portor-Blum’’ ULTRA-MICROTOME 
1/40 Micron (250A) 


An instrument of superlative design and craftsmanship: ultra- 
thin sections for electron microscopy and thicker sections 
for light microscopy. Now with new Cantilever Arm Lock, 
Specimen By-pass Slide, and Microscope Pillar Support, etc. 





SS-1 Superspeed Angle 
Centrifuge 


SS-1A Superspeed Angle 
Centrifuge with Water 
Cooling 


$S-2 Vacuum-Type 
Centrifuge 


$S-3 Push-Button 
Automatic Superspeed 
Centrifuge (Patents 
Pending) 


$S-4 Enclosed 


Superspeed Centrifuge 
(Patents Pending) 


Superspeed Refrigerated 
Centrifuge 


“Szent-Gyorgyi—Blum” 
Continuous Flow 
Centrifuge (Patents 
Pending) 


Type GS Large Volume 
Rotor 


Small and Medium 
Angle Centrifuges 


Large Angle Centrifuges 
Omni-Mixer (Homogenizer) 


‘“‘Porter-Blum”’ Ultra- 
Microtome (Patents 
Pending) 


Automatic Pipettes 


Accessories including 
Centrifuge Tubes and 
Adapters 


write us for full information 







htwan Sorvall. Ine. 


NORWALK + CONNECTICUT 
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DESIGNERS, MANUFACTURERS AND 
DISTRIBUTORS OF “‘SERVALL" 
LABORATORY INSTRUMENTS 
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If you do not already have a copy of 
Purina’s New Handbook of Laboratory Animal Care 
and Feeding, with the light green cover, we'd like you 
to have one. Simply fill in the handy coupon below 
and mail it now. 


This 30-page book, dealing with all phases of labora- 
tory animal care and feeding, is a completely new 
edition, containing much more information than the 
previous editions. You’ll find lots of helpful informa- 
tion on mice, rats, guinea pigs, rabbits, dogs, chickens, 
hamsters, cats and monkeys. It’s free, compliments 
of Purina Chows for Laboratory Animals. 


RALSTON PURINA COMPANY 
1714 Checkerboard Square 
St. Lovis 2, Missouri 


| 

| 

| Please send me a free copy of Purina’s New Handbook of Laboratory Animal 
| Care and Feeding, SP 4188A. 
| 

| 

| 

| 

l 

| 

' 


RE PS CURE: UU no. 5'a ciwaWinje sie decopcedbde'sd Verbeek eecensvane’ 


HYciaccrscncovecscdvescccccvversccesecsess BO rccvcccrveccscivevevees 


vse “See eee ma as 


xxii FEDERATION PROCEEDINGS Volume 16 Sy 


1 
| 
| 
| 
| 
| 
A SPAS oo. s's envied vavckavcesdeep nines bedtencaancseunewens 
I 
| 
| 
1 











Zolume 16 





*The trademark identifying products of Bronwill Scientific Division, Will Corporation. 
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THE ‘‘BRONWILL’” Warburg 


most compact-most versatile 
Warburg Available 


Requires only 
202” of Desk Space 


© Magnetic Temperature Setting.” 

© Highest Temperature Constancy 
+0.01° C, 

© Cooling Coil Built In. 

e@ Fastest to Set Up. Small bath (only 8 
liters) heats from ambient to 37°C in 
22 minutes. 


@ Rotatable thru 320°. 


e Calibrated—Interchangeable 
Manometers & Vessels Available. 


e@ Available for Photosynthesis. 


‘er 4 


Quy 


'% 


EASY TO READ 






DOUBLE CAPILLARY 
MANOMETERS 


Single background scale—a 
sturdy single rod containing two 
capillaries. Available pre- 
calibrated — interchangeable— 


Mode! UV shown above, is a compact, circu- 
lar unit, only 20%” diameter, 31” high, ro- 
tatable thru 320° permitting any of the 
manometers to be quickly read. Model UVL 
equipped for photo-chemical work. 


no more calibrating each time 
a piece is broken. 

















Bronwill Scientific Division § I 
Wa hanna meet | 

131 u t., Rochester, N.Y. . 
B R ) N Ww I L 7 Please send full information on Bronwill Warburgs. | 
SCIENTIFIC DIVISION. Mice) iit ay tee eee ears te t ] 
WILL CORPORATION Positi | 
‘osition........ | 
131 GOULD STREET Comp | 
ROCHESTER, N. Y. © SERRE RRR ERI Nor oi.) Pe Ie ae | 
City. je” * Sone Sa | 
iciaieseitaine-cis egy naiicigniniculids aeliacisayen gaint tats linia 2 
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P&I List bi 
RECORDING SPECTROPHOTOMETER 


Model RS-3* 


























The P&I Recording Spectrophotometer RS-3 converts your present man- 
ual Beckman DU to a more sensitive line operated automatic record- 
ing instrument at a low cost. 


High accuracy—stability—resolution simplify and accelerate compound 
identification and permit quantitative studies of analytical procedures, 
rapid kinetics, extinction coefficients, and differential colorimetry. 


Only the P&I RS-3 provides ALL these unique features: 


@ Linear Wavelength Scale— @ Uninterrupted scan, 
no special charts or tapes. 210-750 mu. 
no moving light sources 
@ Stable Zero Line @ Automatic marking— 
every 20 mz. 


@ Both O.D. & % Abs. are linear @ Low-Med-High Scan Speeds 
4 stand. & high sens. scales 
@ Time Scale for Kinetics 
@ Constant resolution @ Line Operated 





For details, write: 


FD PROCESS & INSTRUMENTS 


15, Stone Ave., Brooklyn 33, N. Y. * Patent Pend. 
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FISHER SOLVENTS 








IN 
SAFETY-PACKED 


ONE GALLON 


CONTAINERS 





S 
WAYS 
BETTER 


1. safer—individual gallon 
packed in a shockproof double 
corrugated carton. 

2. more economical —stand- 
ard gallon measure eliminates 
costly odd-sized bottles, caps, 
cartons. 

3. uniform size—Single-size 
container simplifies handling, 
storing, ordering. 

4, assured | quality —Each gal- 
lon labeled with detailed ac- 
tual analysis. 

5. easver to use€—Bottle has 
safe pouring lip, deep threaded, 
quick acting cap. 


Now—through standard packaging by 
volume in gallons, you can save time 
and money, as well as simplify the safe 
handling and storing of Fisher Solvents 
you use. Each gallon bottle is fully pro- 
tected against accidental breakage in a 
double, factory sealed corrugated carton 
that is opened at the point of use. The wide 
flared lip makes pouring easy, keeps bottle 
clean. Packaged four one-gallon cartons to each 
case for immediate shipment from all Fisher plants. 


*KI ncluding these chemicals 


A-18 Acetone C-555 Cyclohexane C-187 Carbon Tetrachloride D-37 Methylene Chloride 
B-245 Benzene A-399 n-Buty! Alcohol A-412 Methyl Alcohol E-139 Petroleum Ether 
H-291 n-Hexan D-53 1,4-Dioxane M-209 Methyl Ethyl Ketone A-416 Iso-propy! Alcohol 
C-298 Chloroform E-145 Ethyl Acetate M-203 Methyl Acetate T-324 Toluene - X-5 Xylene 


Write for Chemical Index 126 Fisher Building, Pittsburgh 19, Pa. 


, FISHER SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


Boston Buffalo Chicago Charleston, W. Va. 
8-33-b Cleveland Detroit New York Philadelphia 
Pittsburgh St. Louis Washington Montreal * Toronto 
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Just Published 


ANNUAL REVIEW OF 


PHYSIOLOGY 


MARCH, Vol. 19 639 pages 
Editors: V. E. HALL, F. A. FUHRMAN, 
A. C. GIESE 


CONTENTS: 


Prefatory Chapter (The Increasing Respon- 
sibility of the Physiological Sciences), 
G. Liljestrand 

Transport through Biological Membranes, 
E. i Harris 

Developmental Physiology, L. G. Barth 


Physiological Aspects of Heat and Cold, J. 
Bélehraédek 


Physiological Aspects of Hypothermia, C. 
Kayser 


Tissue Metabolism (Pharmacological As- 
pects), M. B. Chenoweth, and G. L. Ell- 
man 


Respiratory System, H. Bjurstedt 
Digestive System, S. Mellinkoff 
Blood Clotting, F. D. Mann 


Blood Volume and Its Regulation, EF. Brown, 
J. Hopper, Jr., and R. Wennesland 


Peripheral Circulation, L. H. Peterson 


Effects of Radiation on Mammals, V. P. 
Bond, and E. P. Cronkite 


Comparative Physiology: Osmotic and Ionic 
Regulation in Aquatic Animals, L. C. 
Beadle 


Heart, M. B. Visscher and G. J. Stephens 


Visceral Functions of the Nervous System, 
P. D. MacLean 


Hearing, J. Tasaki 


Pituitary and Adrenal Glands, B. T. Dono- 
van and G. W. Harris 


Reproduction, C. H. Sawyer and B. V. 
Critchlow 


Somatic Aspects of the Nervous System, 
W. R. Adey 


Kidney, S. E. Bradley 


Recent Advances in Russian Neurophysiol- 
ogy, W. T. Liberson 


Most Back 


$7.00 postpaid (U.S.A. ) 





MEDICINE 


MAY, Vol. 8 530 pages 
Editors: D. A. RYTAND, W. CREGER 
CONTENTS: 

Adrenocortical Hormones and the Manage. 


ment of Infection, E. H. Kass and M., 
Finland 


Infectious Diseases (Control of Infection: 
Biological and Chemical Means of Prophy- 
laxis), W. S. Jordan, Jr., and J. H. Dingle 


Diseases of the Gastrointestinal Tract, S. J, 
Gray, L. J. Krakauer, C. G. Ramsey, R. J. 
Timmerman, and C. Duncan 

Diseases of the Cardiovascular System (Medi- 
cal), C. G. Parsons 

Diseases of the Cardiovascular System (Surgi- 
cal), C. W. Lillehei and M. Paneth 

Medical Diseases of the Kidney, D. P. Earle 

Diseases of the Reticulo-Endothelial System 
and Hematology (The Red Cell and Some 
of its Problems), W. H. Crosby 

Nutrition and Nutritional Diseases, M. I. 
Grossman 

Endocrinology, J. W. Jailer and N. P, 
Christy 

Allergy and Immunology, D. W. Talmage 

Obstetrics, C. L. Buxton 

Diseases of the Nervous System, R. A. Fish- 
man, and H. H. Merritt 

Psychiatry, S. Wolf 

Diseases of the Respiratory System, J. B. 
Amberson 

Pneumoconiosis, Silicosis, and the Physics 
and Chemistry of Dust, C. N. Davies 

Hemodynamic Effects of Ether, Cyclopro- 
pane, or Barbiturates, A. Faulconer, Jr., 
and R. T. Patrick 

Radioactive Isotopes in Medicine, D. J. 
Rosenthal and J. H. Lawrence 

Connective Tissue (Collagen) Diseases, J. J. 
Bunim and R. L. Black 

Actions of Heparin Other Than Those on 
Coagulation, EF. P. Benditt 

Special Therapeutics (Helminthic Diseases), 
J. F. Kessel and E. K. Markell 

Tolerance to and Physical Dependence on 
Opiates, Barbiturates, and Alcohol, H. F. 
Fraser 

Experimental Retrolental Fibroplasia, N. 
Ashton 

Pediatrics, F. H. Wright 


Issues Available 


$7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


GRANT AVENUE 
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MADE BY 
CARL Y LABORATORY AND RESEARCH 
ZEISS MICROSCOPE OF HIGHEST 
we | | acca  PRECISION—MODEL W 
TM. Included in the wide array of precision micro- 
: scopes manufactured by Carl Zeiss, the 
mc MODEL W is offered as the most complete 
re and versatile laboratory and research instru- 
Rd ment. Mechanically and optically it is without 
Medi- peer. 
: There is so much to say about this superb 
7 microscope that we urge you to write for 
Earle complete details. 
ystem 
Some 
M. I 
— STANDARD MICROSCOPE 
ie MODEL GFL-654-633 
Fish- 
J. B 
hysics 
ies The Carl Zeiss Standard Series of microscopes is 
on available in a variety of models to suit every purpose. 
ae The versatile MODEL GFL features a binocular 
: photo tube and an Attachment Camera for fast 
8, J.J easy photomicrography. 
ose on Other Attachment Cameras are available for various 
eases), sized films and plates. A beam-splitting prism and 
a focusing eye-piece assure speed and simplicity of 
, operation. 
ia, N. 
here) Write for free, detailed specifications 
CARL ZEISS, INC., 485 Fitth Avenue, New York 17, N.Y. 
RNIA Guaranteed uninterrupted repair service 
ume WY july 1957 FEDERATION PROCEEDINGS xxvii 
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he highest reward for a man’s toil is not what 
he gets for it, but what he becomes by it” 
c _ ee 


— John Ruskin. 
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SCHWarz 
£ABOrar 
230 ORtEs, 
Washington Se INC, 


Mownt Vernon, n. 






Some SCHWARZ 
Biochemicals for Industry and Research 


Glutathione 


e Purines and Pyrimidines * 

e Phosphorylated Adenosine  ¢ Sulfhydryl Reagents 
Compounds e Sugars 

e Cozymase e Triphenyl Tetrazolium 

e Nucleosides and Chloride 
Nucleotides e Deoxynucleosides 

e Nucleic Acids and e Optically Standardized 
Metallic Nucleates Amino Acids 

e Sugar Phosphates e Radioactive Chemicals 


Send the Coupon for your copy 


SCHWARZ LABORATORIES, INC. were 


230 Washington Street, Mount Vernon, N. Y. 


Please send me copy of your 1957 Price List of Biochemicals 





Name 





Position 
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ANALYZE ALKALI METAL SOLUTIONS 
WITH +1% ACCURACY IN 1 MINUTE 


Perkin-Elmer’s Flame Photometer is the ideal instrument for your labora- 
tory if you analyze for soluble alkali metals. It is designed for accuracy, 
speed and operator convenience. 

Features of the Model 146 Perkin-Elmer Flame Photometer contributing 
to accuracy and operating ease include: 

@ Two-prism monochromator insuring precise selection of the proper wavelength 
for the particular analysis and reduction of inter-element effect. 

@ Two-phototube detector system for uniform sensitivity over the entire wavelength 
range. 

@ Internal standard for analyses requiring the highest accuracy eliminates inter- 
ference from such variables as viscosity, temperature, volatility, and external 
contamination. 

@ Direct intensity reading for fast routine results. 

@ Accurate read-out through drift-free electronics. 

@ Operation with any commercially available gas—natural, manufactured, pro- 
pane, butane, or acetylene. 


@ Modern design for laboratory good looks and operation convenience. Fux 
For additional information, send for our illustrated brochure on the 
Model 146 Flame Photometer. . oe 
INSTRUMENT DIVISION 


Perkin-Elmer Gyno. 


NORWALK, CONNECTICUT 
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ANNOUNCING. 
Nuclear-Chicago’s new Nae, 


radiochemical program 









Offering ‘Research Quality” radiochemicals 


and a new concept of customer service. 


Guaranteed shipment within 24 hours of order by PREPAID air express 


42 New Carbon-14 Compounds 
Including labelled steroids at high specific activity, low cost 


47 New Sulfur-35 Compounds 


35 New Phosphorus-32 Compounds 


Write for complete Radiochemical Price 
Schedule C listing guaranteed delivery 
and quantity discounts of each com- 
pound. Available also on request, new 
64 page Catalog Q, covering Nuclear- 
Chicago’s newly-designed line of preci- 
sion radiation measuring instruments. 





Jine Gnsliumenia - 
Research Quatily. Kadiochemicals 





nuclear - chicago 


nation ce GS fe & Oo eae = Tit*eaoao WS 


241 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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Write For New 


LOURDES’ CENTRIFU 


Ace Scientific Supply Co., Inc. 

Aloe Scientific, Div. of A. S. Aloe Co. 
A. Daigger & Co. 

Erb & Gray Scientific 


XXxii 


INSTRUMENT 


i wins gi fs 





Be 


Federal Scientific 

Adolf Frese Corp. 

Arthur S. Lapine & Co. 

Macalaster Bicknell Co. 

New Brunswick Scientific Supply Co., Inc. 
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GES AVAILABLE AT THESE DEALERS 





Standard Scientific Supply Corp. 
Technical Products Co. 

U. S. Industrial Scientific Co., Ine 
Wilkens-Anderson Co. j 
Canadian Laboratory Supplies tie 








§ 
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RG-6 INSTANT SELF-DEVELOP- 
ING PHOTOKYMOGRAPH 


...-A new type recorder combining ex- 
treme sensitivity of photographic 
method with immediate visual record 
of direct writing method. 


... Eliminates need of costly amplifiers 
when recording small outputs. 


Galvanometer light beam traces are developed on 
special 6 inch wide sensitized paper inside camera it- 
self within a few seconds. Up to nine channels can 
be recorded simultaneously. 3 speeds: 1 mm/sec, 5 
mm/sec, and 25 mm/sec. Includes necessary light 
sources, mirrors for 1 or 2 meter light beam lengths 
plus 1 and 10 sec. time indicator. 


Can be used as part of a multi-channel record- 
ing system for special application in the cardio- 
pulmonary laboratory. Write for details. 





TT-11 CONRAD THERMISTOR 


.--An extremely fast responding, 
versatile, resistance thermom- 
eter featuring unique probes for 
precision temperature measure- 
ment in all ranges. 


Exclusive 25 ga. needle and catheter probes are 
unequaled in sensitivity. Also high quality, 
reliable polyethylene multi-purpose probe and 
skin surface probe. All probes sterilizable. 
Several can be used together for rapid consecu- 
tive readings through the one control box. 
7 . Temperature range can be expanded or con- 
| tracted, raised or lowered by the user. Pro- 
| vision for simultaneous recording. 





y Corp. 


=0., Inc. 
lies ii Electro-Medical Instrument Division 
ie 402 First Ave. N.W., Rochester, Minn. 





Specialists in instrumentation for cardiovascular and pulmonary function laboratories. 
Other products include Oximeters, Nitrogen Meters, and Cardiotachometers. 
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SIGMAMOTOR| 


Supplies a Micro Flow for Metering... 
Feeding ... Infusion... 1/10CC to 250CC 


Accuracies to 1% are possible after calibrating the model T-8 Sigmamotor 
Pump which forces liquids through flexible tubing by wavelike motions 
pressing against the tubing. The top of the pump is open to permit quick 
insertion of the tubing or removal. The pump is available for use with 
your motor drive or can be purchased complete with motor and var- 
ious speed control equipment. Tubing from 140” ID to 4” ID can be 
handled. Other models will supply from 5 CC per minute to 4% gallon per 
minute or 30 to 250 gallons per hour... . Write for catalog. 


SIGMAMOTOR, Inc. 


45 NORTH MAIN STREET e MIDDLEPORT, N. Y. 























TRITIUM IRRADIATION SERVICE 


NENC offers unique service for label- 
ing complex molecules with tritium* 


sy Successfully used to tag steroids, nucleosides, proteins, 
lipids, insecticides, plant hormones 

yy Up to one gram may be submitted for irradiation 

s Labile tritium removed upon request 

s Purchaser purifies compound 

yr $100 for first sample; $75 per additional sample 





new england corp. 
vw 
575 ALBANY STREET, BOSTON !8. 
Write for data sheet. Radiochemical catalog available. 


*K. Wilzbach, J. Am. Chem. Soc. 79, 1013 (1957). 











XXXIV FEDERATION PROCEEDINGS Volume 16 











Centr 
t 
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International’s 
new high-speed 
angle centrifuge 

model HT 


A fully enclosed table model with 
speeds up to 17,000 r.p.m.*, forces up to 
34,390 G* and capacity of 400 ml. 





otor 
‘ions 
uick 
with 
var- 
n be Complete Protection for the Operator... 

| pee Two thicknesses of heavy-gauge steel — guard bowl plus 
cabinet — protect operator from rotating head. Cover of 
thick plate steel is held securely with rugged hinge and 


lever lock. 


featuring 


Removable Instrument Panel for Remote Control... 
Front panel unit, containing all instruments and conirols can 
be removed easily from cabinet and is portable, allowing 
remote control operation when centrifuge is located in a 
cold room or chamber. 





Complete Instrumentation ... 
Electric Tachometer constantly indicates true operating 
speed, regardless of line voltage fluctuations. 


Designed for Safe Operation 


Centrifuge Inside — Controls Outside 
the Cold Room or Chamber Ammeter shows current flow for acceleration control. 


—- Automatic Timer shuts off centrifuge at selected time 
interval. Timer can be eliminated by cutout switch. 





Protective No-Voltage Relay, Pilot Light and Safety Fuse. 





ne 
ry 


Unique Cooling System... 
A specially designed air circulation system provides maximum 
cooling of head and bearings. 


| 
| Autotransformer gives steplessspeed control without heating. 
| 
| 








———— 
tian 









NS 


*Note: speeds are obtained at 115 volts input to centrifuge; force is effective 
centrifugal force figured at the maximum radius of the material being centrifuged. 








WRITE FOR BULLETIN E 


International Equipment Co. 


me 16 1284 SOLDIERS FIELD ROAD * BOSTON 35, MASSACHUSETTS 
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1121 EAST 55th STREET 


ANIMAL CAGES AND RACKS 
LABORATORY EQUIPMENT 


Quality Cages Since 1912 





Write for Catalog A-57 


ACME SHEET METAL WORKS 


CHICAGO 15, ILLINOIS 

















The Taconic Farms 
Mouse Scale 
Easy to Read, Carry and Use 





For weighing mice, diets and other 
materials up to 40 grams 
(send for details) 


PRICE $15.00 


(Plus Postage) 


TACONIC FARMS, INC. 
GERMANTOWN, NEW YORK 
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W. are prepared to con- 
sider requests from profession- 
ally qualified investigators for 
experimental quantities of vita- 
min E in the form of d-alpha- 
tocopherol or its derivatives. 
Address inquiries to: Dr. Norris 
D. Embree, Director of Re- 
search, Distillation Products In- 
dustries, Rochester 3, N. Y. 
(Division of Eastman Kodak 
Company). 





supplier of 

bulk tocopherols to 
the pharmaceutical 
industry 


1} 77 
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TRIED and PROVEN examples of 
the three most widely used methods 
of amino acid analysis 


AMINO ACID HANDBOOK 
By 


RICHARD J. BLOCK, Ph.D. 
Department of Biochemistry 
New York Medical College 


With the cooperation of 


KATHRYN W. WEISS 
The Borden Company 


Methods and results of protein analysis 
1) By microorganisms 
2) By column chromatography 
3) By paper chromatography 


Sufficiently detailed directions for each method so that 
the analyst will be able to determine all of the amino 
acids which commonly occur in proteins without need 
of recourse to original literature. 


Comments on difficulties and possible pitfalls 
which may be encountered during the analysis 


Includes: 
¢ Tabulation of the amino acid com- 
position of proteins, biologically ac- 
tive polypeptides and foods 


© Methods and nutritional aspects 


e Amino acid composition of proteins, 
foods and feeds as well as a sum- 
mary of the amino acid require- 
ments of humans and animals 

384 pages 44 illustrations 


Sent on approval, $10.50 


Marcia Cooper—PICA: A Survey 
of the historical literature as well 
as reports from the fields of veteri- 
nary medicine and anthropology, 
the present study of pica in young 
children, and a discussion of its 
pediatric and psychological impli- 
cations. Pub. ’57, 120 pp., 3 il, 
Cloth, $3.75 





George H. Whipple—THE DY- 
NAMIC EQUILIBRIUM OF 
BODY PROTEINS: Hemoglo- 
bin, Plasma Proteins, Organ and 
Tissue Proteins. Pub. ’55, 80 pp., 
11 il, Cloth, $3.25 





Donald G. Walker and Zolton T. 
Wirtschafter — THE GENESIS 
OF THE RAT SKELETON: 
A Laboratory Atlas. Pub. ’56, 70 
pp., 153 il, metal spiral binding, 
$7.50 





Opal Hepler — MANUAL OF 
CLINICAL LABORATORY 
METHODS (4th Ed., 8th Ptg.). 
Pub. ’57, 406 pp., 675 il. (8 plates 
in color), Cloth, $9.50 





H. Behrendt—CHEMISTRY OF 
ERYTHROCYTES: Clinical As- 
pects. Pub. '57, 242 pp. 23 il., 
Cloth $5.75 





Ivor Dunsford and C. Christopher 
Bowley — TECHNIQUES IN 
BLOOD GROUPING. Pub. ’56, 
263 pp., 23 il. Cloth, $4.50 





CHARLES C THOMAS ¢ PUBLISHER 


Spring field, Illinois 


July 1957 
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Send for our new 1957 catalog 
of 827 titles. 
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Labeled with H’, H®, C'*, P®, I'*', Etc. 


For Detailed Information Regarding Tracers and/or Counting Equipment 


WRITE OFFICE NEAREST YOU— § wuciear Corp. 


manufactured by MID-CONTINENT SALES 
ISOTOPES seats INC 9847 Manchester Road 
COMPANY 7 St. Louis 19, Missouri 
A Subsidiary of EASTERN SALES 
Nuclear Corporation of America, Inc. Nuclear Corp. 





bio-chemical 
tracers! 


e AMINO ACIDS 

e PURINES 

e INTERMEDIATES 

e KREBS CYCLE COMPOUNDS 
eSTEROIDS 


WESTERN SALES 


703 South Main Street 
Burbank, California 


33-61 Crescent Street 
Long Island City 6, N. Y. 




















XXXVili 





“ROCKLAND” 


A RELIABLE AND POPULAR 


name brand 


of laboratory 
MICE and RATS 


Swiss-Webster SW 

Rockland all-purpose RAP 

mouse C-57 Black C-57BL 
strains C-57 Brown C-57BR 
C-57 Leaden C-57L 

C3H Agouti C3H 

rat Sherman albino 
strains Long-Evans hooded 


price list on request 


Rockland Farms 


NEW CITY 
{Rockland County) 
NEW YORK 


Radioactive Compounds 


Limited supplies of radioactive corti- 
sone, hydrocortisone and corticosterone 
(Compound B) are now available with- 
| out charge to qualified investigators. All 
are labeled at position 4 with C. The 
cortisone has a specific activity of 0.49 
mc/um and the hydrocortisone and cor- 
ticosterone a specific activity of 1.47 
mc/M. In addition, there are also avail- 
able five intermediates in the synthesis 
of cortisone. 


Requests, in the form of a letter con- 
cisely describing the proposed research, 
should be sent to 


Endocrinology Study Section 
Division of Research Grants 
National Institutes of Health 
Ww Bethesda 14, Maryland 


Transfer and use of these materials are subject to 








current Atomic Energy Commission regulations. 
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New low prices on Exax Pipets— 
same high quality! 








Now . . . prices on Kimble Sero- 
logical and Mohr Measuring 
Pipets are greatly reduced . . . as 
much as 33¢ each! This means 
big savings for you! And remem- 
ber—only the prices are changed 
— the Exax specifications remain 
the same! 











2 Examples of New Low Prices on Kimble Pipets: 
37035-B Serological Pipet, N-51A Borosilicate Glass 1 mi in 1/100 














EACH 1 CASE 5 CASES 10 CASES | 25 CASES 
4 old price..... $1.45 $23.49 $22.32 $21.14 $19.97 
new price.... 1.23 19.93 18.93 17.93 16.94 
37035 Serological Pipet, Standard Flint Glass 1 ml in 1/100 
EACH 1 CASE 5 CASES 10 CASES | 25 CASES 
— old price..... $1.39 $22.52 $21.39 $20.27 $19.14 
Y. new price.... 1.19 19.28 18.31 17.35 16.39 





a 


The prices set forth above are fair-trade prices and 
are applicable only with respect to sales made in 
jurisdictions where fair-trade contracts are lawful. 


ds 


(ICT 


{if 





















corti- = Prices are reduced on all sizes of 

erone = the following items: 37020 Meas- 

with- SS uring Pipet (Standard Flint 

5. All = Glass) ,37035-B described above, 

. The = 37035-A Pipet for Cotton-Plug- 

0.49 =} ging (Standard Flint Glass), and 

i cor = 37035-C Serological Pipet for 

1.47 S| Cotton Plugging (N-51A Boro- 

aveili | silicate glass). 

thesia . An illustrated brochure gives 
\ | \ complete information. For your 

free copy, call your dealer. 

r con- 37020 37035 37035-A  37035-8 

search, 

n KIMBLE LABORATORY GLASSWARE Owens-ILuino1s ; 

ts an(D PRODUCT GENERAL OFFICES « TOLEDO 1, OHIO, 

th 

ject to 

tions. 
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New AO-Baker 


INTERFERENCE 
MICROSCOPE 











If you need to examine or measure your material 
more effectively and precisely, we invite you to 
investigate this new advance in microscopy. 


te He 
| American Optical « Instrument Division | 
Buffalo 15, New York | 
Dept. S 202 | 
Please send me your catalog on the NEW | 
AO-Baker Interference Microscope. | 
| 

| 

| 

1 


! NAME 
| ADDRESS 
| CITY. ZONE STATE___ 


ee ee 











The NEW AO-Baker Interference 
Microscope is the unique combina- 
tion of a double beam interferometer 
and polarizing microscope. It dra- 
matically provides for the precise 
examination of transparent speci- 
mens where detail is exhibited by 
variations in thickness or refractive 
index. 


With white light illumination, con- 
trast effects are greatly enhanced by 
brilliant and variable color contrasts. 
Details show up as if differentially 
stained. 


With monochromatic or filtered 
light, interference contrasts can be 
varied from bright to dark and rel- 
ative optical thicknesses are measur- 
able to an optimum accuracy of 
1/300 wave length. 


Interference Contrast Microscopy 
like Phase Contrast Microscopy de- 
pends on the nature of the specimen 
detail to retard light — by virtue of 
refractive index and thickness —and 
does not depend on the property of 
the specimen to absorb light. In this 


connection the AO-Baker Interfer- | 


ence Microscope is similar to the 
conventional Phase Contrast Micro- 
scope. 


The principle of the Phase Contrast 
Microscope depends upon light 
diffraction for its contrast effects — 
the AO-Baker Interference Micro- 
scope does not. By means of the 
unique built-in interferometer, mu- 
tually interfering beams are pro- 
duced, recombined, and if the two 
beams suffer relative retardation, 
readily visible contrast results. 


The AO-Baker Interference Micro- 
scope has already won acclaim and 
recognition as an important aid to 
the solution of a great variety of bio- 
logical and industrial microscopical 
problems. Most scientific workers 
were initially of the opinion that 
the Interference Microscope would 
have its greatest utility for solving 
measurement problems. It now de- 
velops that equal or greater promise 
can be expected from its value as a 
method of variable phase and vari- 
able color contrast. 


\merican Optical 


Company 


NSTRUMENT DIVISION, BUFFALO 15. N 
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Tracertas ~ TGC-14 CARBON COUNTER 
by 
ally a better detector 
j for solid C-14 
oe samples 


rel- 
isur- 
y of 


copy 
y de- 
men 
1e of 
-and 
ty of © 
this - 
rfer- 
» the | 
icro- 





trast 
light 
ts — 
icro- 
f the 
-mu- 
pro- 
» [WO 
iON, 


FEATURES: 


e Low Background 











e Rugged, Thin Window 
licro- 
1 and 
id to 


e Manual, Automatic or Chromatographic 
Operation 


deem e Excellent Reproducibility 

—_ © Simple, Trouble-Free Operation 
vould For full details on this outstanding new 
“ detector for counting solid samples of 


veniil Carbon-14 and other low energy beta emitters, 
eas a request Bulletin No. 84 
| varie 


Z Z 
1601 Trapelo Road, Waltham 54, Mass. 
2030 Wright Avenue, Richmond 3, California 


Offices in principal cities throughout the world 
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LEA & FEBIGER BOOKS 


~~~ _ NEW 1957 BOOK 
Quick— 


Hemorrhagic Diseases 


By Armand J. Quick, Ph.D., M.D. 


Professor of Biochemistry, Marquette University 
School of Medicine, Milwaukee, Wisconsin 





Social implications and the genetic aspects of 
hemorrhagic diseases are considered fully in this 
guide to the understanding, diagnosis, manage- 
ment and treatment of the bleeding states. Newly 
discovered clotting factors and other develop- 
ments are featured. Step-by-step directions are 
given for 25 selected laboratory procedures. 


New. 451 Pages. Illus. 31 Tables $9.50 











— 


PHYSIOLOGY AND PHARMACOLOGY 


Starling’s Principles of Human Physiology. Edited by Sir 
Cuarues Lovatrt Evans, D.Sc., F.R.C.P., F.R.S., LL.D., Bir- 
mingham; University of London. 1233 pages. 721 illustrations, 
some in color. 12th edition. $12.50 


Wien Teveiny . Health and Disease. By Cart J. Wic- 
cers, M.D., D.Sc., F.A.C.P., Western Reserve University, 
Cleveland, Ohio. 1248 pages. 280 illustrations. 5th edition. $10.00 


Lucas—Elements of Human Physiology. By Mrriam Scorr 
Lucas, B.S., Ph.D., Michigan State College, East Lansing, 
Mich. 357 pages. 158 illustrations, 2 in color. 2nd edition. $4.75 


Grollman—Pharmacology and Therapeutics. By ArTHUR 
Grotitman, Ph.D., M.D., F.A.C.P., Southwestern Medical 
School, University of Texas, Dallas, 866 pages. 127 illustrations, 
36 tables. 2nd edition. $10.00 


PATHOLOGY AND TOXICOLOGY 


Levinson and ie ee Laboratory Diagnosis. By 
— A. Levinson, M.D. , University “7 rel cy 
of Medicine; and Rosert P. Mick aw Ch.E. M 
€ ief, Division ‘of Laboratories, Board of Health, Cin & rot 
cago. 5 CONTRIBUTORS. 1246 pages. 244 illustrations and 13 plates, 
11 ita color. 142 tables. 5th edition. $12.50 
Simmons and Gentzkow—Medical and Public Health Labora- 
tory Methods. 35 ContripuTors. Edited by the Late Jamzs §. 
Simmons, M.D., Ph.D., Harvard School of Public Health; and 
Cuie0n J. GENTzKOW, ~ Bureau of Laboratories, 
Department of Health, Commonwealth of Pennsylvania. 1191 
pages. 115 illus.and 9 plates in color. 129 tables. 6th edition. $18.50 
Herbut—Pathology. By Prerer A. Hersut, M.D., Jefferson 
Medical College Hospital, Philadelphia, Pa. 1227 pages, 7” x 10”. 
1878 illustrations on 661 figures and 6 plates in color. $16.00 


BIOCHEMISTRY AND NUTRITION 


Hardy—Fluid Therapy. By James D. Harpy, M.S. (Chem.), 
M.D., F.A.C.S., University of Mississippi, Jackson. 255 pages. 
77 illustrations. 8 tables. $5.50 


Wohl and Goodhart—Modern Nutrition in Health and Disease: 
Eg a 55 ContrisuTors. Edited by Micuaret G. Wont, 

., Hahnemann Medical College and Hospital, Philadelphia, 
ay 4 “and Rosert 8. Goopuart, M.D., Columbia University 
School of Public Health, New York. 1062 pages. 80 illustrations. 
127 tables. $18.50 


LEA & FEBIGER PHILADELPHIA ©, PA. 
Please enter my order and send me books listed below. 
0 Check enclosed 0 Bill me 
NAME 
ADDRESS 


CITY 
FP 7-57 
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0 Charge my account 








ZONE___STATE : 








FEDERATION PROCEEDINGS 


News & Notes 


Summary of Federation Board Meeting, 


April 15, 1957 


1. Revised financial statement approved. 

2. General principles of allocating services and 
facilities costs at Beaumont House approved. 

3. It was voted that each Society of the Federa- 
tion be granted option to use one room in Beau- 
mont House for its headquarters at no rental 
charge. 

4. Contribution of $250 voted to the Scientific 
Manpower Commission. 

5. Recommendations of the Committee on Re- 
vision of the Constitution and Bylaws referred 
to the Society Councils for consideration. 

6. Resolution adopted that for future contracts 
to administer travel awards to international 
meetings, the screening committees shall be 
appointed by the Board from nominations 
made by those societies represented on the Na- 
tional Committees corresponding to the Unions 
sponsoring the international meetings, in those 
instances in which National Committees do 
exist. 


Notes on the Forty-First Annual Meet- 
ing of the Federation 


Chicago, Illinois, April 15-19, 1957 


Registered attendance at the forty-first Annual 
Meeting included 1,942 members of Constituent 
Societies, 4,022 non-member scientists, 794 gradu- 
ate students, 379 guests, 521 exhibitors and 30 
press representatives, a total of 7,688. 

Scientific sessions were held in the Conrad Hil- 
ton, Palmer House, Sheraton-Blackstone and Con- 
gress Hotels. In all, 1945 papers were presented in 
185 scientific sessions. There were 21 Inter-Society 
Sessions in which papers from each society were 
presented on the topics of Acetylcholine and Cho- 
linesterase, Blood Clotting, Radiation, Tumors, 
Atherosclerosis and Connective Tissue. Society 
symposia presented during the week included the 
following: three in Physiology on ‘Utilization of 
Recorded Knowledge’, ‘Tissue Oxygen Tension’, 
‘Bioclimatology’ (presented jointly with the Com- 
mittee of Bioclimatology and the American Meteo- 
rological Society); three in Biochemistry on 
‘Structure and Function of Proteins’, ‘Chemistry 
and Metabolism of Phosphatides’ and ‘Molecular 
Heterogeneity of Hemoglobin’; one in Nutrition 
on ‘Nutrition and Food Technology’; one in Im- 
munology on ‘Gram-Negative Bacteria.’ One 
teaching session, a Physiology panel, discussing 
‘Graduate Students in Physiology’ was presented. 
(cont. on page zliv) 
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co CLEAR CASE OF 
sam) SEDIMENTING EFFICIENCY 
yroved, 
‘edera- 
1 Beau- 
rental 
ientifie 
on Rel These two tubes containing 
f d 5 mg/ml of tobacco mosaic virus 
a were centrifuged for 1 hour at 
on. 25,000 rpm, 51,000 x gravity. 
ntracts In tube at right, run in conven- | 
ational tional rotor, 12% of virus remains 
hall be in supernatant. In tube at left, 
nations run in K-25.1 Insulated, Core- 
he Na Ventilated Model K rotor, only 
U z 2% remains in supernatant. 
nions 
n those 
ees do 
Meet Spinco Model K 
Preparative Centrifuge 
with insulated, 
core-ventilated* rotors 
Annual Here is a general-purpose centrifuge which brings 
tituent a new type of sedimenting efficiency to the labora- 
gradu- tory. 
and 30 
The key: high centrifugal forces (to 51,000 x 
ad Hil- gravity) plus a unique insulated, core-ventilated* The Spinco Model K introduces 
1d Con- rotor. This new rotor minimizes thermal convection other valuable features : 
nted in which causes stirring in conventional rotors; it Automatic Operation: 
Society keeps rotor temperatures from rising more than up to speed at the push of a button 
iy werd a few degrees above ambient; it protects most New Drive System: — 
<a labil terial ithout * fri ‘ full power always available, 
1d Cho- abile materials without requiring refrigeration. even at low speeds 
‘umors, 5 ‘ beg , i ign: 
1 The results: sedimenting efficiency is Versatile Design: 
Society : : ‘ : : large rotor chamber has room for 
ded the greatly increased; the time for centrifuging routine special rotors and ‘attachments ; 
tice a samples is substantially reduced; many separations drive is powerful to run heavy loads. 
ension’, are possible with the Model K which cannot be For literature on this new . 
1e Com- done with conventional centrifuges. centrifuge write Spinco Division, 
/ Beckman Instruments, Inc. 
Meteo- Stanford Industrial Park, Palo Alto, 
try on California. Ask for Folder K-6. 
emistry 
nlecular 
utrition 
in Ie Beckman®* 
ra Spinco Division 
be de *patent applied for 
cussing 
asented. 
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“rom the Hand 
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PRESIDENT 
& DIRECTOR 
Henry L. Foster D.V.M. 


Hypophysectomized rats and all types 
of endocrinectomies. 


Descendants of the Sprague-Dawley, 
and of the Wistar strains. 


The Charles River Breeding Labs. 


Wilmington, Mass. 





For Immediate 
Shipment 


‘ALL Chemicals 

ALL Drugs 

ALL Reagents 

ALL Pharmaceuticals 


Ask for our 
new complete catalog 


Lab rales, Ine. 
17 West 60th St. New York 23. N.Y 
Plaza 7-817] 
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FEDERATION PROCEEDINGS 


The American Society for Artificial Internal 
Organs held scientific sessions and business meet- 
ings April 14 and 15 in conjunction with the Feder- 
ation Meetings, and the Poultry Nutrition Group 
conducted a conference on April 14. 

Meetings of Councils of the six member Societies 
and the Federation Board were held April 14 and 
15, and new business was submitted at the Society 
Business Meetings April 16. In addition, Editorial 
Boards of the journals of the Member Societies, 
the Society for Experimental Biology and Medi- 
cine, the Society for Research on the Reticuloen- 
dothelial System, American Institute of Biologi- 
cal Sciences, the National Institutes of Health, 
as well as a number of special committees, used the 
facilities of the Federation for meetings. The 
Pathology, Nutrition and Pharmacology Societies 
held dinner meetings on Wednesday, April 17. 
The Biochemistry and Nutrition Societies spon- 
sored a Smoker on Wednesday evening. Special 


| interest and alumni groups met for breakfasts, 


luncheons, dinners and social gatherings through- 
out the week. 

The American Association of Immunologists, 
host society at the Meeting, sponsored the Joint 
Session on Tuesday evening, April 16. Dr. Merrill 
W. Chase, Acting Chairman of the Federation 
Board, presided. The three papers on ‘Immuno- 
logical Tolerance,’ presented by Dr. Ray D. Owen, 
Dr. Hilary Koprowski and Dr. Glenn H. Algire, 
appear in this issue of FEDERATION PROCEEDINGS. 

A Ladies Committee headed by Mrs. Richard 
Winzler provided a Hospitality Lounge and 
greeted the wives of member and non-member 
scientists. An interesting program of activities 
was arranged, beginning with a visit to the Pru- 
dential Building, a tour to Argonne National 
Laboratories, a luncheon and Fashion Show at 
Marshall Field’s and a visit to the University of 
Chicago. The Federation is indebted to the follow- 
ing committee for making the week a pleasant one: 
Mrs. Austin Brues, Mrs. Daniel L. Harris, Mrs. 
John Annegers, Mrs. Piero P. Foa and Mrs. Her- 
bert Carter. 

Dr. John O. Hutchens, with the assistance of 
Mr. Ralph Rohweder, conducted a tour of the 
Federation Meetings for high school teachers and 
their students from the Chicago area. The teachers 
and students were invited to visit the exhibits and 
meetings so that their understanding of the con- 
tent and purpose of biological research could be 
increased by observing how scientists exchange in- 
formation, formally in meetings and informally in 
groups outside sessions. 

The Public Information Committee, headed by 
Dr. Richard Winzler, assisted by Drs. Alfred Gil- 
man, I. M. Hoobler, Simon Rodbard, Edward L. 
Tatum, Byron H. Waksman and Robert W. Wiss- 
ler scheduled press conferences and were available 


(cont. on page xlvi) 
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ieties, 
Medi- 
uloen- SOLLMANN—A MANUAL OF PHARMACOLOGY 
iologi- 
lealth, This standard work gives you essential information on all useful drugs, in- 
sed the Vew cluding recent drug advances, especially covering their practical importance 
The in therapeutics and toxicity. Each drug is evaluated and its uses described 
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ANNOUNCING 
THE NEW 
YEAR BOOK OF 


CANCER 


Ready in August—For the first time in 
any language, a Year Book of Can- 
cer is being published. Immediate and 
enthusiastic response to pre-publica- 
tion announcements conclusively dem- 
onstrate the great desire for such a 
volume—a single, compact, quick-ref- 
erence coverage of the significant 
world-wide journal literature on all as- 
pects of the cancer problem. EDITED BY 
RanpotpH Lee Cuark, M.D., and 
Russevu W. Cumuey, Pu.D., The Uni- 
versity of Texas M. D. Anderson Hos- 
pital and Tumor Institute. 475 pages; 
190 illustrations. $7.50 


NOW AVAILABLE 


NEW 
YEAR BOOK OF 
ENDOCRINOLOGY 


(1956-57 Series). Edited by GILBERT S. 
Gorpan, M.D., University of California. 
375 pages; 72 illustrations. $6.75 


NEW 
YEAR BOOK OF 
PATHOLOGY 
& CLINICAL 
PATHOLOGY 


(1956-57 Series). Edited by W1LL1AM B. 
WartTMAN, M.D., Northwestern Univ- 
ersity. 512 pages; 158 illustrations. $7.00 


The Year Book Publishers 


200 East Illinois St., Chicago 11, Illinois 








to assist members of the press with the scientifig 
aspects of the papers they reported. 

Books, apparatus and equipment, pharmaceu- 
ticals, chemicals and food products were among 
the 120 industrial exhibits on display in the Con- 
rad Hilton; 6 institutional exhibits depicted the 
progress and activities of the societies repre- 
sented, and 17 members displayed their work. 


1958 Annual Meeting 


The next annual meeting of the Federation will 
be in Philadelphia, April 14-18, 1958. 


Placement Service 


The Placement Service office in the Conrad Hil- 
ton Hotel during the meetings was a very busy 
place. Both candidate and employer registrations 
were unusually heavy during the first sessions 
open for them. Consequently, interviews were 
scheduled early in the week and on Tuesday, the 
first interview day, all interview booths were filled 
all day long, except for a few over the lunch hour, 
This indicates an increasing cooperation and in- 
terest on the part of all users. Next year a larger 
staff will be on hand the first day and it is hoped 


| this will eliminate some of the delays experienced 
| by early registrants in 1957, especially among the 
| employers. 


A total of 351 candidates registered. Of these, 


| 170 indicated their chief field of training to be in 
| biochemistry; 90, physiology; 45, pharmacology; 
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2, experimental pathology; 12, nutrition; and 32, 
immunology and/or microbiology. Of these, 29 
or 84% received appointments. This percentage 
has been increasing the last three years, after 
remaining consistently at 66-68% for the pre 
vious years for which there are records. 

The employers’ desk registered 257 in 1957— 
107 of these, the first morning it was open—com- 
pared with 205 in 1956. Those who had notified 
the Washington office that they expected to use the 
interview facilities of their subscriptions found 
their credentials awaiting them. Those who had 
not done so experienced some delay until the cre- 
dentials could be prepared or new subscriptions 
processed. 

A total of 1398 interviews was arranged. Ap- 
proximately 100 of these were canceled or did not 
appear at the scheduled time. Many of these in 
dividuals met or talked together earlier and agreed 
to forego the interview. However, the staff was 
aware that at least 100 more interviews took place 
in or near the Placement offices, arranged inform- 
ally and concerning which there is no record. 

Even though there was about the same number 
of candidates on the rolls in April 1957 as in April 
1956, the May 1957 list of candidates is a little 
smaller than last year. In the four weeks succeed- 
ing the meeting an unusually large number of can: 

(cont. on page 662) 
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Now in One 
compact unit 


a complete, versatile 


“LUNG F 


Featuring outstanding space- and labor-saving economy 
OFFERS ACCURATE RESULTS IN: 

e@ Closed circuit technique for @ Oxygen Consumption, at rest 
measurement of Functional and with exercise 
Residual Capacity and Resid- e@ Basal Metabolic Rate 
ual Volume using Helium or 
Oxygen 

e Vital Capacity, Inspiratory 
and Expiratory Reserve Vol- e@ Bronchospirometry: Oxygen 





e CO, concentration of expired 
gases 


umes Consumption, Vital Capacity 
e@ Timed Vital Capacity and Resting Minute Volume 
e@ Maximum Breathing Capacity for each lung 


TECHNICAL DATA FEATURES: 
PULMOTEST: Two 9 liter spirometers, 3-speed kymograph, electric 
oxygen stabilizing circuit 
PULMO-ANALYSOR: Compact self-contained gas analysor for On, 
CO, and Helium measurements 
PULMO-ANALYSOR ACCURACY: 
CO, .02%; :O2.15% : He 005% 
The PULMOTEST AND PULMO-ANALYSOR can be used independently 
SEND FOR COMPLETE BROCHURE 


INSTRUMENTATION ASSOCIATES 
17 West 60th Street New York 23, N. Y. 
Exclusive Representatives in the United States and South America 
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FEDERATION NOTICE 


Membership in the Federation of American Societies for 
Experimental Biology 


There is no provision in the Federation Constitution for individual membership. An indi- 
vidual wishing to associate himself with the Federation must become a member of one or 
more of the six constituent Societies; such membership entitles him to present papers at 
the annual meetings of the Federation and to receive the quarterly publication, FEDERA- 
TION PROCEEDINGS. Since requirements and procedures for election to membership 
vary among the six Societies, the following information is provided: 


1. American Physiological Society. Any resident of North America who has conducted 
and published meritorious original researches in physiology shall be eligible for member- 
ship. Names of candidates must be proposed in writing by at least two members of the 
Society, and from these names the Council shall nominate candidates for election to mem- 
bership at a regular meeting of the Society. For further information and proposal forms, 
address Dr. R. G. DaaGs, Executive Secretary, 9650 Wisconsin Ave., Washington 14, D. C. 


2. American Society of Biological Chemists. Qualified investigators who have conducted 
and published meritorious original investigations in biological chemistry are eligible for 
membership. Nominations shall be made and seconded by members of the Society and shall 
be submitted to the Council, who shall determine eligibility and make recommendations to 
the Society at any regular meeting. Nomination blanks and further information may be 
obtained from Dr. Puttip HANDLER, Duke University School of Medicine, Durham, N. C. 


3. American Society for Pharmacology and Experimental Therapeutics. Any person who 
has conducted and published meritorious investigations in pharmacology or experimental 
therapeutics and who is an active investigator in one of those fields, shall be eligible to 
membership. Candidates shall be proposed by two members who are not members of the 
Society Council, for consideration and recommendation by the Membership Committee 
and the Council. Further information and application forms may be obtained from Dr. H. C. 
Hopce, University of Rochester School of Medicine, Rochester, N. Y. 


4. American Society for Experimental Pathology. Any American investigator who has 
contributed meritorious work in pathology within three years prior to his candidacy is 
eligible for membership. Candidates shall be nominated by two members and the nomina- 
tions approved by the Council for election by Society members at a regular meeting. Addi- 
tional information and nomination forms may be obtained from Dr. J. F. A. McManus, 
Medical College of Alabama, Birmingham, Ala. 


5. American Institute of Nutrition. Qualified investigators who have independently con- 
ducted and published meritorious original investigations in some phase of the chemistry 
or physiology of nutrition, and who have shown a professional interest for at least five 
years, are eligible for membership. Nominations shall be made and seconded by members 
of the Society and shall be submitted to the Council for recommendation to the Society at 
any regular meeting. For nomination blanks and additional information address Dr. G. M. 
| Briaeas, National Institutes of Health, Bethesda, Md. 
| 





6. American Association of Immunologists. Any qualified person engaged in the study of 
problems related to the purpose of the Association may apply for membership. Candidates 
must be nominated by two members of the Association and applications must be accom- 
panied by letters of recommendation, curriculum vitae and a list of reprints of publications. 
The Council shall determine eligibility and submit the names of eligible candidates to the 
membership at the annual meeting. For further information and application blanks, address 
Dr. F.S. CoEeever, Secretary, University of Pittsburgh, Graduate School of Public Health, 
Pittsburgh, Pa. 
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JOINT SESSION OF THE FEDERATION: 


Immunological Tolerance 


Chairman: MERRILL W. CHASE 





IMMUNOLOGICAL TOLERANCE 
Ray D. Owren 
From the California Institute of Technology, Pasadena, California 


Rvs PURPOSE Of this Session is to share with a 
diverse audience certain developments that are 
currently exciting the interest of immunologists. 
The field of ‘immunological tolerance’ has de- 
veloped explosively within the past few years. 
Our aim is to cover what appear at present to 
be salient points and key references in this area. 
In the following paper, Dr. Koprowski will 
elaborate the studies of transplantation of 
normal tissues and tumors that have contributed 
in very large part to the development of this 
field. I will introduce this part of the subject 
very briefly, but shall spend most of my time in 
diversions to similar effects of non-viable anti- 
genic materials. In the concluding paper, Dr. 
Algire will illustrate techniques that have in- 
creased our understanding of immune reactions 
to foreign tissues. 

Spontaneous Exchange of Erythropoietic 
Tissues Between Twin Embryos. An early 
indication of what later was to be developed 
into the concept of immunological tolerance was 
provided by one of Nature’s experiments—the 
exchange of materials between twin embryos in 
cattle (1). It had been noted, by members of 
the Wisconsin group, that twin cattle showed 
identical blood types much more often than 
should have been expected from estimates of the 
frequency of identical twinning. An indication 
of the basis of this concordance was provided by 
a pair of twins that had different sires (table 1). 
The twins had identical blood types, and in terms 


1 Chicago, Illinois, April 16, 1957. 
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of this type neither of the twins could have been 
produced by either of the possible sires and the 
dam. Certain reagents that usually yield complete 
hemolysis of positive test cells caused only an 
incomplete lysis of the red cell suspension from 
each twin. When the cell suspension of either 
twin was lysed by complement after sensitizing 
with the R reagent, and the unaffected cells were 
recovered and washed, it was found that these 
cells not only lacked the R specificity, but G 
and I’ as well. On the other hand, they were all 
lysed by the S and X, reagents. Similarly, lysing 
the initial cell suspensions with the X» reagent 
removed SX, cells, but left GRI’ cells unaffected. 
The circulating red cell population of each twin, 
therefore, was composed of a mixture of two 
distinct cell types, one of which was derived from 
the zygote formed when a Hereford (RI’) sperm 
fertilized an egg carrying an allele controlling 
the cellular specificity G, and the other when a 
Guernsey sperm (SXz) fertilized another egg 
lacking that allele. 

In view of the long-known placental anasto- 
mosis of blood vessels in bovine twins, it might 
not be considered surprising to find that the 
twins showed blood admixtures. However, these 
twins were almost a year old when they were 
first tested, and tests at intervals for more than 
an additional year continued to show the same 
phenomenon. It was evident, therefore, that the 
effective exchange between the embryos had 
been of potentially hematopoietic cells, which 
had undergone natural transplantation between 
the co-twins. That the mature hosts continued 
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TABLE 1. REACTIONS OF RED CELL SUSPENSIONS 
IN A CASE OF SUPERFECUNDATION 








Tested for 
Cells 
G R S Xe iy 
Untreated 
Guernsey sire 0 0 4 4 0 
Hereford sire 0 4 0 0 4 
Dam 4 0 0 0 0 
Guernsey twin 0+ tr 2 2 tr 
Hereford twin tr tr 1 1 tr 
After lysis with ‘R’ reagent* 
Guernsey sire 0 0 4 4 0 
Hereford sire no cells 
Dam 4 0 0 0 0 
Guernsey twin 0 0 4 4 0 
Hereford twin 0 0 4 4 0 
After lysis with ‘X»’ reagent* 
Guernsey sire no cells 
Hereford sire 0 4 0 0 4 
Dam 4 0 0 0 0 
Guernsey twin 4 4 0 0 4 
Hereford twin 4 4 0 0 4 


* Tests on washed, intact cells recovered after 
specific hemolysis. 

0 = no lysis; 0+, tr, 1, 2 = increasing degrees 
of lysis; 4 = complete lysis: 





to tolerate these transplants called attention to 
a fact long known to experimental embryologists: 
tissues grafted from one embryo to another often 
survive far beyond the period when incompatibil- 
ity reactions should have developed to destroy 
them (cf. 2). In fact, the frequent survival of 
skin transplants between even newly hatched 
birds (the ‘Danforth preparation’, ref. 3) has 
provided opportunities for fruitful study (4). 
Together with the observations of Traub (5), 
the twin cattle observations provided the mein 
factual cornerstone for the development, by 
Burnet and Fenner (6), of a theory of immuno- 
logical tolerance. 

We collected data on approximately one 
hundred additional pairs of cattle twins, of ages 
up to eight years, and on higher multiple 
births—triplets, quadruplets and a set of quin- 
tuplets (7). In twins, it was found that the two 
cell types generally occurred in approximately 
equal numbers in the circulation of each twin, 
the proportion varying in different twin pairs 
from 50-50 to 40-60, with a few pairs showing 
somewhat more divergent ratios. In cases in 
which one cell type was predominant, the same 
cell type was generally found to be predominant 
in both twins, a clear indication that the foreign 
cells were not at a selective disadvantage. The 
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evidence showed that the cells were establishe 
and retained as intact units, developing auton 
mously as a function of their own genotype 
there was never any indication that exchanges ¢ 
determinants at the sub-cellular level had prg 
duced ‘transformation’ for some of the gene 
controlled antigens in which the members of 
twin pair differed, and not of others. One antigen, 
J, however, proved to be characteristic of the 
host body, and to be found on all of his red celk 
or absent from all of them as a function of the 
host genotype regardless of the genetic constitu. 
tion of the cells (8). 

Carr (9) noted that placental fusion sometime 
occurs in mice and rats, and suggested that a 
genetic defect in one member of a litter may lk 
remedied by the spontaneous transfer of normal 
tissue from another in such instances. Situations 
similar in detail to the twin cattle phenomenon 
have been described in sheep by Stormont, Weir 
and Lane (10), and in man by Dunsford and 
associates (11). Here, a woman designated ag 
Mrs. McK was shown to have in her circulation 
red cells descended from her co-twin. This twin 
had died as an infant, but it was possible to 
determine his blood type rather completely 
through studies of descendants of his cells sur 
viving in his sister’s circulation more than two 
decades after his death. Ripley (12) achieved an 
experimental copy of the twin cattle situation by 
injecting embryonic rat cells intravenously into 
other rat embryos, and Hasek (13) produced 4 
similar situation by artificial parabiosis of embry- 
onated hens’ eggs. The latter situation was 
defined by Billingham, Brent and Medawar (14), 
who applied the techniques of differential hemol- 
ysis described above to the demonstration of 
erythrocyte chimerism in chicks. Heterospxcifie 
egg-to-egg parabiosis has also been studied 
(13, 14). 

Tolerance of Skin Transplants Conferred by 
Injecting Viable Tissue Cells into Embryos. The 
elegant experimental definition of immunological 
tolerance by Medawar and his group will be 
reviewed by Dr. Koprowski in the following 
paper. The first important extension was the 
demonstration that twin cattle commonly accept 
skin transplants from their co-twins (15, 16). 
[More recently, a successful kidney transplant 
has been achieved (17)]. In the classic paper 
that defined and established the field of immuno- 
logical tolerance (18), Billingham, Brent and 
Medawar showed that the simple injection of 
living cell suspensions into embryos conferred 4 
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persistent tolerance to skin transplants from the 
donor strain. We will defer to Dr. Koprowski’s 
paper the further description of this part of our 
subject. At this point, we may recognize that 
the establishment of foreign cells accepted as 
transplants by an embryo confers a persistent 
tolerance toward tissues of the donor specificity. 
We may now ask whether the tolerance-con- 
ferring antigenic material needs to consist of 
viable and perpetuated donor cells, or whether 
non-surviving antigens introduced into embryos 
or very young individuals may also induce a 
depression of later immune responses. 

Depression of Immune Responses to Red 
Cells. The erythrocytes of birds and mammals 
have a circumscribed life span; there can be 
little question that these cells disappear from 
the system, at least as intact cells, over an 
interval after their injection. Red cells also 
provide some advantages for studies of circulating 
antibodies, because serological test systems for 
red cell antigens are sensitive and _ easily 
conducted. Accordingly, injections of red cells 
into embryos or new-born or newly-hatched 
mammals and birds may be expected to provide 
a test of the necessity of cell survival for the 
maintenance of a state of persistent immuno- 
logical tolerance. 

Burnet, Stone and Edney (19) included human 
blood cells among the antigens used in early 
tests of a theory of antibody formation and 
tolerance, but observed no effects on the develop- 
ment of normal antibodies against human red 
cells in birds that had been treated with this 
same material as embryos. Billingham, Brent 
and Medawar (20), however, found that injec- 
tion of chicks at hatching with adult chicken 
red cells resulted in a marked depression of the 
antibody response to later injection of the 
homologous material. That such depressions 
are not restricted to intraspecific combinations 
is indicated by the observation of Hasek (13), 
that the injection of goose blood into duck 
embryos resulted in an obvious suppression of 
later antibody formation, although no such 
suppression was observed when turkey blood 
was injected into chick embryos, guinea fowl 
into chick, duck into chick, chick into duck, duck 
into goose or chick into guinea fowl. Simonsen 
(21), however, did note a significant suppression 
of later agglutinin formation when turkey blood 
was injected into chick embryos. We have found 
(fig. 1) a rather consistent depression of the level 
of normal antibody development to human O 
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Fig. 1. Loge titer values against human O 
blood cells for serum samples from a control 
chicken (262) and one that had been injected as a 
day-old chick with human O blood (256). Both 
birds were injected with the human O blood when 
they were 3 months old (day 0 on the graph), and 
again 21 days later (22). 


blood, and a delay and reduction in the ‘primary’ 
agglutinin response to this material, among 
chicks that had been injected within a day after 
hatching with a particular human O blood (22). 
We have not observed such effects with human 
AB blood. A provocative possibility is that the 
specific potentiality for ‘normal antibody’ produc- 
tion on the part of the host may play a part in 
such effects. Somewhat similar delays in the 
agglutinating antibody response were also ob- 
served in rats and rabbits injected neonatally 
with the human O blood. Simonsen (23) also 
observed effects produced by injecting human O 
blood into chicks, and noted that the depressing 
effects of injections are greatest when the embryo 
is in the 17th to the 19th day of development; 
this period appears to be preceded by one in 
which intraembryonic injections have less effect, 
and the sensitivity again decreases after hatching. 

The relationships between this partial depres- 
sion of circulating antibody formation to erythro- 
cytes, and the field of tolerance to tissue 
transplantation, may be debated. The following 
points should be kept in mind: tissue transplanta- 
tion immunity seems to depend in large part on 
a different channel of immune response than the 
development of circulating serum antibody (cf. 
24). It appears to be analogous to delayed hyper- 
sensitivity, cell-borne and cell-mediated, a system 
in which no necessary cause-and-effect depend- 
ence on circulating serum antibody has yet been 
established (25). In tissue transplantation im- 
munity, the channel of immune response appears 
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to involve antigens that are distinct from those 
associated with erythrocyte specificities; the 
sharp depression in the development of cir- 
culating antibodies against erythrocytes induced 
by injecting pure red cells into chick embryos 
is not associated with transplantation tolerance 
(20). The tissue-transplantation tolerance-con- 
ferring capacity of whole blood resides entirely 
in the white cells. The antigens of transplantation 
immunity appear to be nuclear, in contrast to 
the cytoplasmic antigens of the serum antibody 
system (26). These antigens of cell nuclei have 
been shown to confer transplantation immunity 
when injected into mature animals, but they 
have as yet failed to confer transplantation 
tolerance when injected into embryos or young 
animals in the absence of intact donor cells (27). 

The injection of red cells into young birds and 
mammals brings about only an incomplete 
depression of later antibody responses, or it 
seems sometimes to produce delays in responses 
that may be confused with total suppression. 
There have been indications that an apparent 
depression sometimes derives in part from 
another kind of channelization of the immune 
response, namely, into the development of in- 
complete rather than complete antibody (22). 
This suggestion, however, has not been con- 
firmed; it is possible that it depends on the 
particular route, time and quantity of injection 
of the chick, or perhaps on the techniques used 
to test for the presence of incomplete antibody. 
Furthermore, the duration of the period in 
which a partial depression of antibody responses 
is displayed has not been thoroughly investigated 
in connection with injections of erythrocytes. 
Such data as are at hand on the effects of in- 
jecting red cells (e.g. 23) indicate that the partial 
suppression of the circulating antibody response, 
at least when interspecific combinations are 
involved, is transient. Bauer, Peckham and 
Osler (28) observed only a slight and insignificant 
depression of hemolysin formation when 15-day 
fetal rats injected with sheep red cells were again 
injected at 9-10 weeks of age; significant depres- 
sion was noted in rats that had been injected 
shortly after birth. The hemolytic system would 
probably detect incomplete as well as complete 
antibody, and the test age of 9-10 weeks may 
have passed the period in which depression may 
have been significant. A simple delay in response, 
of the sort we have noted in rats, might have 
been missed in Bauer’s procedure of testing a 
single bleeding six days after the ‘immunizing’ 
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injection. Ambrus and associates (29) obse 


no depression of response in chicks that had bea ” 
injected with rabbit red cells as 6-day embryo tl 
this observation is consistent with Simonsen d 
recognition of an early insensitive period. The " 
are therefore conspicuous differences betweaf ” 
the effects of erythrocyte injections and the cor fr 
system of transplantation tolerance. tl 

Possibility of Maternally Conferred Tolerang b 
to Rh Antigens in Man. When an Rh-positiy . 
woman is carrying an Rh-negative fetus, it i d 


possible that maternal cells or antigenic materia 
may sometimes get across the placenta into th 
fetal circulation. If the Rh-negative fet 
acquired a degree of tolerance toward this foreign 
antigen, such an individual might be expected 
to display a delayed, reduced or modified re. 
sponse upon exposure to Rh antigens in late 
life, in contrast to the responses of Rh-negative 
individuals whose mothers were also Rh-negative 
and who could not therefore have been expose 





as embryos to the Rh antigens. Some years ago, . 
we undertook to test this possibility (380). Rh p 
negative women were classed as ‘intolerant’ ¢ , 
the Rh antigen if they produced circulating Rig 
antibodies in a third or earlier Rh-positiv * 
; m 
pregnancy; they were classed as_ relatively ; 
‘tolerant’ if no antibodies were detected unde™ 
these conditions. The data indicated (table 2) ” 
a statistically significant relationship betwee * 
the ‘tolerance’ of the Rh-negative women and . 
their mothers’ Rh types. The daughters of Rh 7 
negative women more frequently develop Rb . 
antibody at an early opportunity. It should kk * 
emphasized that this apparent effect on the 2 
development of antibody of the sort tested i be 
this study is not reflected in a differential fre 
quency of erythroblastotic babies born to the " 
Rh-negative daughters of Rh-negative womeng . 
compared with the Rh-negative daughters o . 


Rh-positive women. Our data confirmed. the 
prior findings of Booth and associates (3), se 
recently further confirmed by Ward, Walsh and 


Kooptzoff (32), that if one begins with a populé m 
tion of women who have erythroblastotic babies 

one does not find a differential incidence of Rh“ 
negative as compared with Rh-positive maternal . 
grandmothers of these babies. If our limited ant : 
preliminary studies may be accepted as providing fet 


an indication of a depression or delay of aggli- a 
tinating antibody response as a function @ “a 
‘maternally conferred tolerance,’ a population y 
situation somewhat as follows is suggested: the Vis 


Rh-negative daughters of Rh-positive womet a 










Zolume jf 


obse 
had bee 
embryoy 
monsen' 
rd. Ther 
betwee 
| the co 


Tolerane 
1- positive 
tus, it i 
material 
into the 
ve fetix 
is foreign 
expected 
lified re. 
in late 
-negative 
-negative 
exposel 
ea}©s ago, 
30). Rh 
erant’ oj 
ating Rh 
\-positive 
elatively 
ed under 
(table 2) 
between 
men and 
s of Rh 
elop Rh 
hould be 
on. the 
tested in 
ntial fre 





n to the 

womel. 
rhters of 
med the 
tes (31), 
alsh and 
1 populé- 
ic babies 
e of Rh 
maternal 
ited and 
providing 
of agglu- 
ction 
ypulation 
sted: the 
women 





July 1987 


may commonly enjoy a degree of tolerance to 
the Rh antigen in terms of a reduced and/or 
delayed development of complete antibodies in 
response to repeated exposures to fetal Rh 
antigens. They are not, however, prevented 
from giving the kind of antibody response 
that is important in the development of erythro- 
blastosis in their babies, a possibility that finds 
some support in our experimental work with 
chicks, mentioned above. It is possible that there 
may be a more subtle kind of compensation 
involved in such data. There may be some toler- 
ance, even by the criterion of erythroblastosis, 
in some Rh-negative daughters of Rh-positive 
women, but in population data this may be 
compensated by a greater tendency on the part 
of other Rh-negative daughters of Rh-positive 
women to produce the sort of antibody important 
in erythroblastosis. 

These indications of maternally conferred 
tolerance to Rh antigens are very tentative at 
present, and a definitive test of the possibility 
would be most welcome. A competent test de- 
pends on a careful experimental design. A group 
of Rh-negative women, married to Rh-positive 
men, must have their sera checked for Rh anti- 
bodies in successive pregnancies, whether or 
not any evidence of erythroblastotic sensitization 
appears. Data on women who do not develop 
antibody in an early Rh-positive pregnancy, and 
attention to antibody development as a function 
of number and sequence of exposures, are 
essential parts of a proper test design. Depend- 
ence on appearance of erythroblastotic children 
for the selection of women whose mothers are to 
be checked for their Rh type cannot provide 
evidence for or against the possibility. 

Billingham, Brent and Medawar (14) have 
indicated that ‘‘a naturally acquired tolerance of 
maternal homografts is believed to occur very 
rarely in guinea pigs, presumably by the acci- 
dental incorporation into a fetus of maternal 
cells. No such natural tolerance has been observed 
in mice or rabbits.”” These authors have also 
called attention to a similar possibility in con- 
nection with maternal-to-fetal transfer of certain 
melanomatous tumor cells in man. The rela- 
tionship between the mammalian mother and 
fetus, with regard to the phenomena of tolerance, 
has been further discussed by Medawar (33) and 
by Brambell (34). 

Effects of Prenatal and Neonatal Exposure to 
Viruses and Bacteria. Several studies have 
suggested that embryonic and/or neonatal 
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TABLE 2. Ru TYPES OF MOTHERS OF RH-NEGATIVE 
WOMEN 





Mother’s Type 








Woman’s Classification Total 
Positive Negative 
Tolerant 32 9 41 
Intolerant 27 29 56 
Total 59 38 97 





exposure to viruses or bacteria may suppress 
antibody responses to these materials in later 
life. An early example was provided by Traub 
(5), who observed an inhibition of antibody 
production to lymphocytic choriomeningitis 
virus in mice that had undergone prenatal 
exposure to this virus. Buxton (35) obtained no 
antibody response to killed Salmonella pullorum 
in chickens that had been exposed to this 
organism as embryos or young chicks, and Kerr 
and Robertson (36) noted a severe reduction in 
ability to produce antibody to Trichomonas 
foetus among cattle that had been injected with 
this antigen in early postnatal life. Related 
aspects of this subject will be discussed by Dr. 
Koprowski. 

Depression of Immune Responses to Soluble 
Antigens. Dixon and Maurer (37) injected rabbits 
six times weekly for about one hundred days 
post birth with bovine albumin or human plasma. 
When the rabbits were again injected with these 
antigens at 10-11 months of age, they proved 
specifically unresponsive to the antigen with 
which they had earlier been injected. Adult 
animals given similar massive injections over 
long periods of time also showed a depression of 
antibody response, but this persisted only for as 
long as the injected protein remained detectable, 
a period of 3-4 months. Hanan and Oyama (38) 
injected alum-precipitated bovine serum albumin 
into pregnant rabbits, and into some of the off- 
spring three times a week for 314 months. The 
treated rabbits, when mature, were found not to 
develop antibody to bovine serum albumin. 
Their response to egg albumin appeared also to 
be affected—a result compatible with Maurer’s 
report of cross-reaction between antiserum to 
egg albumin and bovine serum albumin. 

Cinader and Dubert (39, 40) reported a specific 
inhibition of response to human albumin among 
rabbits that had been injected from 9 to 19 days 
after birth with total dosages over these intervals 
ranging from 20 to 1110 mg of the protein. Anti- 
body responses after injections at 9-10 weeks of 
age and at intervals thereafter were checked by 
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a variety of techniques: agar diffusion methods, 
the agglutination of sensitized tanned erythro- 
cytes, and elimination rates of antigen labelled 
with radioactive iodine from the circulation of 
the test animals. Controls consisting of untreated 
litter mates of the experimental animals regularly 
showed an antigen elimination curve character- 
istic of immune animals, and after several courses 
of injection during adult life their sera 
agglutinated tanned sensitized erythrocytes to 
titers ranging from 1/2000 to 1/50,000. The 
sera of animals given neonatal injections of the 
human albumin did not agglutinate tanned 
sensitized erythrocytes even at a dilution of 1/2, 
and their antigen elimination curves did not show 
the phase of rapid elimination characteristic of 
antibody development. These rabbits did not 
give evidence of antibody during the period of 
more than 600 days covered by the experiment. 
Six of the rabbits with ‘acquired tolerance’ to 
human albumin were injected with a modified 
albumin diazotized with p-amino benzene sul- 
phonic acid (DHA). Two of the six animals did 
respond to the injection of DHA, and their sera 
were able to agglutinate albumin-sensitized cells 
as well as DHA-sensitized cells. Furthermore, 
one of these two rabbits was later found to have 
lost its tolerance to the human albumin after his 
response to the modified albumin. It is, of course, 
possible that this was simply a spontaneous loss 
of tolerance. It is, however, evident that the 
modified albumin, recognized as foreign by the 
injected animal, evoked the formation of some 
antibody. capable of cross-reacting with the 
unmodified antigen. It is possible that this anti- 
body constituted, or was causally associated with 
the constitution of, a ‘recognition mechanism’ 
through which human albumin itself could be 
treated as a foreign and antigenic material. 
Smith and Bridges (41) injected crystalline 
bovine serum albumin into new-born rabbits, 
in dosages ranging from 1 to 200 mg protein. 
Reinjected at 4 and 8 months of age, none of the 
rabbits given a neonatal dosage of 20 mg or 
more responded by elaborating antibodies. Those 
that had been given neonatal dosages less than 
20 mg gave variable responses and some indica- 
tions of ‘partial tolerance.’ Cohn, however, in- 
jected various antigens into 14-day-old chick 
embryos and found no depression in the immune 
response upon challenging the chicks at 2 months 
of age (42). In view of the observations of 
Simonsen noted above, it is suggested that Cohn 
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tested an embryonic stage prior to the mogt 
sensitive period. 

One of the most extensive and incisive inves. 
tigations of the depression of immune responses 
to soluble proteins is that of Wolfe and associates 
(43), who report effects of massive injections of 
bovine serum albumin at hatching on subsequent 
antibody production in the chick. These author 
note that chicks injected at hatching show a4 
marked and highly significant depression of 
antibody response when they are again injected 
at 6 weeks of age. At 12 weeks of age, certain 
experimental groups continue to show highly 
significant differences from the uninjected 
controls while others do not. By 22 weeks of age, 
the experimental and control groups give very 
similar responses. These studies of the chick, 
therefore, suggest a more transient depression of 
the immune response than has been reported for 
the rabbit, upon the injection of soluble antigens 
into the neonatal individual. Another difference 
is in the clearance time of injected antigen from 
the circulation of non-responding chicks injected 
at hatching, as compared with controls. The 
authors consider the possibility that their 
‘tolerant’ chicks are actually producing non- 
precipitating antibodies, which effect antigen 
clearance from the circulation but are undetected 
in precipitin tests. They have, however, been 
unable to obtain direct evidence of such antibody. 

Reference should also be made to the use of 
less well-defined mixtures of soluble antigens in 
‘tolerance’ studies. Downe (44) reported that 
pre- and postnatal treatment of rabbits with 
whole chicken serum rendered them unable to 
develop precipitins for chicken serum in later 
life. Injected with turkey serum, these animals 
produced antisera lacking the antibodies cross- 
reactive with chicken serum generally character- 
istic of rabbit-anti-turkey sera. Hasek (13) found 
that precipitin production in mature chickens 
was not significantly affected if the chicks had 
been injected as embryos with turkey, guinea 
fowl or duck blood. Similarly, turkeys that had 
been subjected to egg-to-egg parabiosis with 
chicks, upon immunization at the age of 6 
months, produced precipitins for chick serum 
indistinguishable from those of control turkeys. 
Hens that had as embryos been parabiotic with 
turkeys, however, showed a significant suppres 
sion of precipitin formation to turkey serum 
proteins. One chick that had been in parabiosis 
with a turkey as an embryo, and had been for 4 
period a chimera of turkey and chicken cells, 
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had turkey serum proteins in the circulation 
during the period when turkey cells were also 
present. Later, both the turkey cells and serum 
proteins disappeared from the blood, but pre- 
cipitins were not formed on immunization of 
this chick with turkey serum six months later. 

It is therefore evident that phenomena at 
least grossly comparable to tissue transplantation 
tolerance can be observed with soluble antigens. 
The mechanisms through which they act may, 
however, be diverse, and distinct from those 
involved in actively acquired tolerance to tissue 
transplants conferred by the injection of living 
homologous cells into embryos or neonatal 
individuals. We shall now attempt to list briefly 
some of the procedures that, applied to adults, 
produce effects similar in one way or another to 
‘acquired tolerance.’ 

Inhibition of Delayed Drug Hypersensitivity 
by Feeding. Chase (45, 46) has defined and 
studied in detail a system that shows certain 
marked similarities to acquired tolerance. Briefly, 
the system involves the delayed skin reactions 
produced in guinea pigs by certain chemicals. 
The channel of immune response here is that of 
cell-borne and cell-mediated reactions. Chase 
discovered that when guinea pigs were fed one of 
these chemicals, a very persistent and specific 
refractoriness to skin sensitization was produced. 
No serum antibodies could be demonstrated, but 
the normal reactivity of the treated guinea pigs 
could be restored by injecting cells from 
peritoneal exudates of actively immunized guinea 
pigs. Here, therefore, as in actively acquired 
tolerance to tissue transplants, a specific inhibi- 
tion of the central cellular response appears to 
be involved. Whether the mechanism of this 
effect relates in any specific way to the core 
phenomena of immunological tolerance remains 
to be determined. 

Desensitization in Immediate Hypersensi- 
tivity. We would be led far afield, I fear, if we 
were to attempt to sample and evaluate the 
evidences of diminished immunological reactivity 
reported in connection with desensitization 
therapy in allergy (e.g. 47). Somewhat similarly, 
the refractory period following anaphylactic 
shock, and comparable sequelae in other types of 
immediate hypersensitivity, may well provide 
evidence bearing on the general subject of concern 
in this Session. We shall do no more here, how- 
ever, than reflect that each of these subjects has 
its body of lore to-be considered in any complete 
exploration of our subject. 
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Transplantation of Erythropoietic Tissue Into 
Irradiated Recipients. There is considerable 
current interest in the induction of persistent 
red cell chimerism in adult experimental animals, 
achieved through the injection of normal bone 
marrow into irradiated recipients. Sufficient 
dosages of x-radiation prevent an immediate 
antibody response against the foreign homol- 
ogous tissue, so that bone marrow can become 
established as an active transplant. It continues 
to produce red cells of the donor type over con- 
siderable periods of time. The work of Lindsley, 
Odell and Tausche (48), based on the use of two 
closely related lines of rats distinguished by a 
pair of erythrocyte antigens and using rather 
high x-ray dosage (700 or 750 r), suggested an 
indefinitely long maintenance of the transplanted 
cells at a stable level achieved by about 35 days 
after the injection, and ranging from 10 to 95% 
of the circulating red cell population derived 
from the transplanted marrow. Main and Prehn 
(49) demonstrated that animals subjected to 
this treatment would accept skin transplants 
from the donor strain. It therefore appears pos- 
sible to achieve successful homotransplants of 
skin in adult experimental animals through a 
two-step operation: first, irradiating the recip- 
ients and injecting bone marrow and second, 
establishing a skin transplant from the same 
donor or strain. Later work has revealed varia- 
tions in the eventual stability of bone marrow 
transplants into irradiated recipients. A paper to 
be presented by Odell and Caldwell (50) at the 
current Federation meeting discusses results of 
one of these recent studies. It appears that the 
degree of relationship between donor and host 
and the amount of radiation to which the 
recipient is exposed are critical variables. With 
lower levels of radiation, and with diverse donor 
and recipient combinations, the injection of bone 
marrow may actually result in an in vivo reaction 
that may cause the death of the recipient (cf. 
51). It should be emphasized that these brief re- 
marks do not attempt anything like a complete 
review of this rapidly developing subject. A num- 
ber of the most important published contributions 
have been omitted from this consideration, and 
other recent developments presented at the cur- 
rent Federation meetings or at the Gatlinburg 
Colloquium early in April were not available at 
the time of preparation of this manuscript. 

Dixon and Weigle (52) have pointed out a 
clear difference between neonatal recipients and 
adults whose antibody-forming capacities have 
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been suppressed by x-rays. Potentially antibody- 
forming cells, injected into an irradiated rabbit, 
can make serum antibody in their new environ- 
ment. Similar cells injected into neonatal rabbits, 
on the other hand, are unable to do so. Dixon 
and Weigle suggested that the environment 
provided by the neonatal animal may be deficient 
in a factor essential to an early phase of the 
process of antibody formation, while the body 
of the irradiated adult is not similarly deficient. 

Billingham and Brent (53) have reported that 
when strain A mice were made tolerant to later 
transplants of CBA skin by the injection of adult 
CBA spleen cells into new-born A mice, the 
recipient mice in a number of instances showed 
marked anatomical deficiencies in their lymphoid 
tissues; many of the lymph nodes appeared to 
be completely absent. The donor spleen cells 
evidently undertook a ‘graft versus host’ reaction, 
resulting in the destruction of lymphatic tissues 
in the developing recipient. Similar reactions have 
been indicated in other work, and in the present 
connection they suggest that once competent 
cells have become established in their newborn 
host, the host can at least go on to elaborate 
any necessary factors involved in an immune 
response on the part of these competent cells. 
That these cells do in fact colonize the host 
lymphatic tissues, in the case of spleen cells 
injected into radiated recipients, was clearly 
demonstrated by Mitchison (54). 

Immunological Paralysis and Related Phe- 
nomena. Felton (55) has shown that, while small 
doses of pneumococcal polysaccharides will 
immunize mice against living pneumococci, 
larger dosages (e.g. 0.5 mg) not only fail to im- 
munize but actually prevent a_ protective 
antibody response against later exposure to the 
pneumococci. The long persistence of these 
polysaccharides in the tissues has suggested that 
the mechanism of this effect may be simply to 
absorb out antibody as fast as it may be 
produced. It seems possible that a ‘steady state’ 
phenomenon may be involved, such that an 
intracellular equilibrium is established ‘trapping’ 
antibody at the site of its production, by dis- 
couraging its dissociation as long as antigen 
remains in excess. Recently, Stark (56) has 
presented data indicating that such depots of 
antigen actually decline in their antigenicity as 
judged by their effects when inoculated into 
normal mice. The antigen in the tissue might 
be blocked by combination with antibody or 
antibody-like material, and thus lose its effective 
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antigenicity. Such mechanisms, which have beep 
described by Medawar (33) as peripheral, and 
applied to systems of immunological paralysis 
and enhancement but not to true tolerance, may 
involve afferent blocks, which prevent access of 
potentially antibody-forming cells to the antigen, 
or efferent, preventing the release of formed 
antibody into the circulation, or a combination 
or succession of such effects. Similar considera- 
tions may be applied to the ‘enhancement’ 
phenomena to be discussed in the next section, 

One is tempted to analogize this situation with 
the effects of large doses of protein antigens 
injected into embryos and very young animals, 
At least in adults, however, no very persistent 
paralysis of an antibody response to protein 
appears to be achievable. Particularly provoca- 
tive in this connection are the ‘inactive’ and 
‘refractory’ phases sometimes encountered during 
continued immunization, observed, for example, 
by Taliaferro and Taliaferro (57) in rabbit 
responses to sheep cells. More recent study of 
this system by Talmage, Freter and Taliaferro 
(58) demonstrated a sharp decline of hemolytie 
activity during the fourth week of repeated 
injections, and a coincident rise in isophile com- 
bining capacity. The authors suggest that the 
changing hemolytic efficiency results from 
changes in the relative concentration of two 
antibodies, which reach their maxima at different 
times. There is an evident parallelism between 
this concept and the discussion earlier in the 
present paper of effects of injecting human red 
cells into newly-hatched chicks. 

Enhancement of Tumor Growth. Snell, Kaliss 
and their co-workers have defined a system in 
which injection into a mature mouse of consider- 
able quantities of lyophilized normal or tumor 
tissue may suppress a protective response on the 
part of the recipient, such that a transplanted 
tumor, which the untreated host would have 
caused to regress, will grow and produce the 
death of the treated recipient (59, 60). This 
‘enhancement’ of tumor growth has some char- 
acteristics at least superficially in common both 
with immunological paralysis and with actively 
acquired tolerance to tissue transplants. A 
remarkable aspect of this system is that suppres- 
sion of a protective immune response can be 
achieved by the injection of antisera to the 
normal or tumor tissue. In fact, recent data sug- 
gest that it may be the development of an anti- 
body response that is the essential characteristic 
of the enhancement phenomenon. Other systems 
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have also indicated a depressive effect of circu- 
lating antibody on immune respnoses (61-63). 

It appears that the tumor transplantation 
system is balanced on a knife edge, and that any 
of the variety of treatments that may cause delay 
or even mild suppression of a protective response 
on the part of the host may permit the trans- 
planted tumor to obtain a foothold and to grow 
progressively, to produce the death of the 
recipient. Again, whether there are elements of 
the mechanism of enhancement that relate to 
acquired immunological tolerance in its restricted 
sense is a question that remains for further 
experimental work to settle. 


DISCUSSION 


The essential phenomena of immunological 
tolerance are defined in terms of the establish- 
ment and persistence of tissue transplants, 
achieved by the introduction of living homologous 
tissue cells into the embryo or _ neonatal 
individual. Perhaps it is well, at this stage of 
knowledge of this core problem of tolerance, to 
re-emphasize three aspects of this system that 
suggest caution in identifying it with other sup- 
pressions of immune responses: 1) the tolerance- 
inducing stimulus is a population of living cells; 
2) the recipient is immature; and 3) the system is 
that of transplantation immunity, which is 
believed to be related, not to circulating serum 
antibodies, but to cell-borne and cell-mediated 
immune reactions. 

With regard to point 1 above, we must repeat 
that, although extracted (apparently nuclear) 
antigens seem to be responsible for transplanta- 
tion immunity in the adult, it has not so far 
been possible to induce transplant tolerance 
with these preparations. Furthermore, the types 
of cell preparations that have been used to induce 
tolerance include, or at least conceivably may 
include, cells capable of giving an active response 
against host cells or tissue components. Com- 
monly, spleen cells, lymphatic cells, or hetero- 
geneous cellular preparations that include 
components of the reticulo-endothelial systems 
have been used to induce transplantation toler- 
ance. Even in the case of tolerance induced by 
injections of whole blood, it appears that the 
faculty of producing tolerance is restricted to the 
leucocyte fraction. In the naturally tolerant 
bovine twins, and in the tolerance induced by 
egg-to-egg parabiosis, as well as the experimental 
induction of tolerance by the injection of tissue 
tells, there is as yet no compelling reason to rule 
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out the possibility that tolerance in the restricted 
sense depends upon the establishment and per- 
sistence of donor cells. In this connection, the 
observation by Billingham, Brent and Medawar 
(14) of the disappearance of skin graft tolerance 
coincident with the regression of erythrocyte 
mosaicism to the point of loss of the donor cell 
type from the circulation of a parabiotic chick 
suggests a close relationship between the two 
phenomena. It may also be important to note 
that this disappearance of red cell chimerism and 
the concurrent development of intolerance 
toward an established skin graft occurred in 
chicks that still continued to display a consider- 
able degree of inhibition of the development of 
agglutinating antibody upon immunization. 
Hasek’s observation, mentioned earlier, of sup- 
pressed precipitin formation in a hen that had 
lost its initial chimerism with turkey cells is a 
similar case in point (13). 

The specificity of the graft-tolerance system 
demonstrates that it cannot depend on a 
generalized lesion in the cellular defense 
mechanisms of the host, achieved through whole- 
sale graft-versus-host reaction on the part of 
competent donor cells. A host rendered tolerant 
to donor tissue of one strain remains capable of 
reacting normally against tissues of another. That 
the effect is a central one on the host defenses, 
and not dependent on adaptations on the part 
of the graft, is most elegantly demonstrated by 
the experiments in adoptive immunity, in which 
tolerated skin transplants have been shown to 
regress after the injection into the host of 
competent spleen cells from normal individuals of 
the host inbred line. This experimental evidence 
demonstrates that the graft is continuing to 
elaborate its own specific antigens, which are 
capable of evoking an immune response in normal 
cells, and that the graft remains vulnerable to 
the effects of such responses (cf. 14). Changes in 
the transplanted tissues may also occur, either 
as a function of the selection of antigenic variants 
or possibly as a result of ‘type transformation’ 
or ‘serotype transformation’; and Cannon, 
Terasaki and Longmire (64) have properly 
emphasized that there may well be systems in 
which graft adaptation plays an important part. 
These authors cite evidence that tolerated skin 
grafts to young chicks may be a case in point. 
Woodruff and Simpson (65) have presented 
somewhat similar arguments for rat skin grafts, 
and Kaliss (60) considers that tumor changes, 
induced or selected by host antibody responses, 
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may be important in the enhancement phenom- 
enon. Related matters will be discussed by Dr. 
Koprowski. The maintenance of their original 
antigenic type of erythrocytes derived from 
exchanges of erythropoietic tissue in embryonic 
cattle, sheep, rats, chickens and man, however, 
and the phenomena of adoptive immunity as 
well as other evidence marshalled by Medawar 
and his group (ef. 14), demonstrate convincingly 
that adaptive changes in the transplanted tissue 
are not a necessary condition for tolerance. 

It is difficult at present to assess the significance 
of the fact that the transplantation tolerance 
system appears to have no necessary cause-and- 
effect relationship with the elaboration of serum 
antibody. The relationships between the cellular 
and the soluble immune components are obscure 
at present; perhaps we should be content here 
with a cautious recognition that treatments that 
interfere with one of these channels of immune 
response need not affect the other. The mecha- 
nisms by which the injection of a soluble antigen 
or of non-surviving cells into an embryo or an 
immature individual results in a persistent sup- 
pression of the circulating antibody response 
may be quite different from those that induce 
transplant tolerance in the cellular system. When 
we turn to procedures that subdue or inhibit 
antibody responses in adults we need to be 
especially cautious in assuming that we are 
dealing with the core problem of immunological 
tolerance, in its restricted sense, at all. 

Even within the category of circulating anti- 
body responses, we need to recognize the 
complexity of the phenomena with which we are 
dealing. The tissue-sensitizing, circulating anti- 
body-like reagins, the incomplete antibodies of 
various types, and the complete antibodies of 
saline agglutination and precipitation have, as 
yet, little-understood relationships to each other 
in terms of the total immune mechanism. Diver- 
gence of one of these channels of response into 
another, blockage of one while another is not 
blocked or may even be stimulated, and inter- 
actions among these systems need to be 
distinguished from tolerance effects, at least 
until it can be demonstrated that one or more of 
these is causally involved in such effects. And 
there are components of the immune machinery, 
specific and aspecific, not even mentioned here; 
no doubt there are others still to be discovered 
and defined. 

Various aspects of tolerance have been sub- 
jected to different kinds and degrees of explana- 
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tion (e.g. 66-69, and references cited in particuly 
connections throughout this paper). It % 
tempting to attempt a general explanation hep 
or at least a scheme that might relate the varioy 
aspects of suppression of immune response ty 
each other. Such a scheme would need to hp 
built on a logical and consistent and reasonably 
complete scaffolding, representing not only th 
mature machinery of immunity in all its parts 
but its origins and its ordinary changes during 
development as well. This is a challenge I am not 
prepared to meet at this time. 
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IMMUNOLOGICAL TOLERANCE IN TUMOR TRANSPLANTS 
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1. A DISASTER befell you in which you suffered 
from burns affecting such an extensive surface 
area of your body that a protective cover for 
the exposed part had to be found, one of the 
surgical procedures proposed would be the trans- 
plantation of skin from some charitable indi- 
vidual. This is commonly referred to as skin 
grafting. It is, unfortunately, a temporary ex- 
pedient. Only under three circumstances would 
the skin graft survive and be accepted; under all 
other conditions the graft, after a period of semi- 
survival, would be rejected and would wilt away. 
Although this has been a subject of controversy 
for decades, it remains an indisputable fact. 
Credit should be given to ‘a German surgeon, 
Erich Lexer, who in 1910 published his investi- 
gations on a large series of patients on whom, 
without exception, skin grafts from other indi- 
viduals were unsuccessful (1). 

The three unusual circumstances which would 
favor retention of the skin graft and its perma- 
nent survival are: 1) transplantation of skin from 
another part of your own body, referred to as 
‘autografting,’; 2) transplantation of skin from 
your identical twin, if you are lucky enough to 
have one} and 3) if you, as a recipient, suffer from 
a condition called either ‘agammaglobulinemia’ or 
—perhaps better—‘dysgammaglobulinemia’, a 
condition in which the level of the gamma globu- 
lin fraction of your serum is almost nil (2). 
This peculiar ailment, which I do not wish on you 
any more than the other gloomy situations men- 
tioned before, may enable you to accept skin 
transplants from nonrelated persons, with a good 
chance of survival of the grafts. 

This predicament of rejecting skin grafts—if 
it is a predicament, and I shall return to that 
later—we share with all other species of animals 
in which skin transplantation has been tried, the 
single exception being the hamster. Skin trans- 
plants can be made from Syrian and Chinese 
hamsters (3) to genetically unrelated recipients 
of the same species; the graft will be accepted in 


1Present address: The Wistar Institute of 
Anatomy and Biology, Philadelphia, Pa. 


a majority of cases and will survive for a long 
time. What happens to a skin homograft (and by 
that term we understand transplantation of tissue 
between two animals of the same species but 
genetically unrelated) is shown on slides (figs, 
1-7) which Drs. Medawar and Brent (4) have 
kindly lent to me. On figure 1 you will see the 
appearance of a skin homograft obtained origi. 
nally from an adult white mouse and transplanted 
to an adult brown mouse. The genetic line of the 
donor white mouse is known as A strain, and 
that of the recipient as CBA strain. This is the 
llth day after transplantation, and the rejection 
of the graft is complete as indicated by the dig 
integration of the graft, which is drying to form 
a scab. 4 

Figure 2 shows a 2-week-old White Leghor 
chicken 8 days after it was grafted with the s 
of a Rhode Island Red. The homograft has 
rejected, has broken down and formed a 
Figure 3 illustrates the chest surface of a rabb 
12 days after it received autografts and homo 
grafts. Its own skin grafts have been accepted; 
the homografts have broken down and been re. 
jected. 

Is the rejection of tissue grafts, since the fate 
of skin transplants is shared by any other tissue 
or organ of the body, a predicament for thes 
animals and for ourselves, or is it a good fortune? 
Would we be luckier if we could accept grafts 
from any donor, and thus have new kidneys, new 
skin or new testicles when needed? The chances 
are that an animal species in such a state of im- 
paired biological activity would probably be 
destroyed by a number of foreign invaders, such 
as bacteria, viruses etc., against which it would 
be defenseless, long before any grafts could be of 
any avail or successful. I would like to dwell 
longer upon this entire concept, referring to Me- 
dawar’s brilliant exposition (5). 

It involves essentially the reiationship between 
a pregnant mother and the embryo or fetus. The 
fetus in utero is, of course, a highly bioiogicaily 
active specimen: it grows, it excretes, and—as all 
of you who are mothers know—it kicks. The 
effect of this biologically active tissue on the 
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organism of the mother may be profound, and 
she may respond to the stimulus by becoming 
immunized. This problem has been studied ex- 
tensively for many years, and has already been 
discussed by Dr. Owen. I would like to mention 
that certain congenital abnormalities may be 
explained by the fact that the mother’s organism 
became immunized against the tissue of the fetus. 
But what about the reverse? The mother’s organ- 
ism is also biologically active, and it may provide 
stimuli to which the fetus reacts. Can the latter 
become immunized? Apparently not—and hap- 
pily not. Should the fetus become immune to 
the body constituents of its mother, the fetal 
antibodies might react against some or all con- 
stituents of its own body and lead to self-destruc- 
tion. 

Luckily, instead of being immunized, the fetus 
becomes tolerant. Again, the concept of tolerance 
has been described and defined by Dr. Owen, and 





Fic. 1. Appearance of skin homograft from an 
adult white mouse and transplanted to an adult 
brown mouse. (From Philos. Tr. Roy. Soc. London, 
8B. 239: 357, 1956.) 
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need not be repeated here. The fetus cannot react 
immunologically against its own tissues unless 
some foreign artificial intervention takes place, 
and this state persists during the lifetime of an 
individual. This, of course, is not the case for 
tissues other than his own. The exceptions, as 
mentioned before, are cases where there is a com- 
mon blood circulation, dizygotic cattle twins 
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Fig. 2. Two-week-old White Leghorn chick 8 
days after it was grafted with skin of a Rhode 
Island Red. (From Philos. Tr. Roy. Soc. London, 
s.B. 239: 357, 1956.) 
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Fig. 3. Chest surface of a rabbit 12 days after receiving autografts and homografts. 





FEDERATION PROCEEDINGS 


A> CBA (173) 


Fig. 4. CBA mouse on 173rd day after receiving 
skin graft from A-strain mouse. 


discovered by Owen (6), and identical twins in 
mankind. The blood elements educe tolerance in 
the other organism which enables it to accept 
tissue grafts from its twin during post-embryonic 
life. This natural tolerance can be imitated, as 
Billingham, Brent and Medawar (7) have shown. 
The injection of whole blood, blood-forming or- 
gans, kidney cells etc. from animals of one strain 
into fetuses of another strain will render the latter 
willing to accept doner-strain grafts during post- 
embryonic life. 

The actual acceptance of foreign skin by a 
tolerant animal is shown in figure 4. A CBA 
mouse was made ‘tolerant’ to the A-strain white 
mouse by injection in its embryonic stage with 
A-mouse spleen and kidney cells. The slide was 
made on the 173rd day after the CBA mouse had 
received a skin graft from an A-strain mouse. 
Compare this perfectly healed and accepted 
transplant with the scab shown previously, when 
an ‘unpretreated’ mouse rejected the A-mouse 
graft. 

The individual specificity to tolerance is dem- 
onstrated in figure 5. Here, a CBA brown mouse, 
tolerant to strain A homografts, has rejected a 
skin graft from a strain genetically unrelated to 
the A strain. 

Tolerance in birds has been extensively studied. 
Figure 6 shows a White Leghorn chick 3 months 
after receiving a skin transplant from a Rhode 
Island Red. Compare the luxuriant red plumage 
with the miserable scab shown before (fig. 2). In 
this experiment, the donor and the recipient were 
made into artificial twins when they were em- 
bryos. Windows were drilled into the egg shells 
on the 10th day of incubation, the shell mem- 
branes were removed to expose the vascularized 
membranes (chorioallantois) which were then 


EMB-106.| 
(48, 13, 98) 


Fic. 5. Rejection of skin graft from strain 
genetically unrelated to A strain by CBA brown 
mouse, tolerant to A strain. (From Philos. Tr, 
Roy. Soc. London, s.B. 239: 357, 1956.) 


aligned and the eggs were joined by insertion of 
a vascular bridge. Thus, the embryos were pro 
vided with a common blood circulation until the 
time of hatching, and became tolerant to each 
other. 

Attempts to transplant tissue between two 
different species end, with rare exceptions, i 
failure. This is called ‘heterotransplantation.’ The 
artificial twinning, which is called parabiosis, has 
been done between different species—for im 
stance, duck and chicken (8). Figure 7 shows & 
duck: 


D was a duck 
With spots on his back 
Who lived in the water 
And always said ‘quack.’ 
(Lear’s Book of Nonsense) 


which has been in parabiotic union with a chicken 
as an embryo. The chicken skin heterograft was i 
made shortly after the duck hatched, and has 
been under observation for 26 days. The hetero 
graft is surviving, but it is not happy: smaller, 
inflamed and not well differentiated. Heterologous 
skin grafts are always imperfect because of thefi 
wide genetic gap between different species. 
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Fie. 6. White Leghorn chick 3 months after re- 
ceiving skin transplant from a Rhode Island Red. 


The state of immunological inactivity when 
the fetus may become tolerant to biologically 
active stimuli has been called by Hasek the 
‘adaptive period.’ Although, in general, this state 
of affairs is much more beneficial for the fetus 
than if it were able to produce antibodies upon 
antigenic stimulation, sometimes the fetus may 
be made more vulnerable. For instance, malig- 
nant melanomas (pigment-bearing tumors) are 
known to be transferrable from mother to fetus 
(9). The latter, inactive and defenseless, perishes 
after the invasion of its organs by the neoplasm, 
since no immunity reaction is provoked by the 
tumor tissue. 

The biological laws governing the transplanta- 
tion of tumors have been recognized for some 
time. In 1903, Jensen (10) had already observed 
the difficulties in grafting tumor tissue on mice 
of different ‘races.’ It has subsequently become 
quite apparent that the immunological barriers 
preventing transplantation of malignant tissue 
from one host to another are similar in nature to 
those which play such a prominent role in the 
transplantation of normal tissue between geneti- 
cally incompatible hosts. Since the mechanism of 
immunological tolerance rendered the barriers 
ineffectual to normal tissue transplants, the same 
method was applied to neoplastic or malignant 
tissue. 

The initial attack was to find a tumor which 
originated in a genetically defined strain of mice 
and which remained compatible with this strain, 
ie. grew progressively, killing the host, but which 
was unable to do so when transplanted into any 
other strain of mice. Thus the choice fell on a 
tumor which is called, to the eternal confusion of 
the chemists, the 6C3HED tumor. The chemical 
inompatibility between C(arbon) and H(ydro- 
gen) refers to an inbred strain of mice in which 
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Fie. 7. Duck in parabiotic union with a chicken 
as an embryo. (From Philos. Tr. Roy. Soc. Lon- 
don, s.B. 239: 357, 1956.) 


this particular tumor was originally induced by 
the application of a chemical substance. The 
original tumor has undergone numerous trans- 
plants in the C3H strain of mice and has remained 
faithfully compatible with the host. By ‘compati- 
bility’ we do not mean conjugal bliss, but rather 
a definition of marriage which runs something as 
follows: “marriage is an attempt by two indi- 
viduals to undertake the seemingly impossible 
task of becoming one. This is achieved when 
the woman becomes everything and the man 
becomes nothing.” If you substitute ‘tumor’ for 
female and ‘C3H mouse’ for male, you will see 
what is meant by ‘compatibility’; the host be- 
comes nothing, the tumor becomes everything. 
Having secured a non-transplantable tumor, it 
was then important to choose a strain of mice 
which would normally reject the 6C3HED tumor. 
The choice fell on ICR mice. This is a Swiss 
strain, not inbred, which is characterized by a 
iarge number of progenies. The disadvantage of 
using a non-inbred strain was outweighed by the 
greater resistance of these mice to laparotomy 
and to fetal inoculation. An attempt was thne 
made to impair the mechanism of immunity of 
ICR mice to 6C3HED tumor by making them 
tolerant. 

In the first two experiments, on the 17-18th 
day of pregnancy, ICR females were operated on 
through the abdominal wall. The fetuses enclosed 
in utero were injected with 0.01 ml of whole 
heparinized blood obtained either from a C3H 
mouse or from the F; (first generation) of a cross 
between C3H and DBA mice. The mortality 
risk for the mother mouse and her embryos, fol- 
lowing this rather drastic procedure, is surpris- 
ingly low and the birth rate is high. 

As has been shown on numerous occasions by 
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Fig. 8. Induction of actively acquired toler- 
ance in Swiss mice to 6C3HED ascites tumor. 
(Reproduced from Proc. Roy. Soc., London, s.B. 
146: 37, 1596.) 


Billingham et al. (4, 7), newborn mice if injected 
as embryos with blood derived from C3H mice 
should become tolerant to a skin graft originating 
from a C3H mouse. What about susceptibility 
to a C3H tumor? As shown in figure 8, 6-8 weeks 
after birth these supposedly tolerant mice re- 
ceived implants of the 6C3HED tumor into their 
abdominal cavities. All developed ascites. The 
abdominal walls were tapped and ascitic fluid 
withdrawn. Numerous tumor cells were present 
in the fluid, and it was clear that the original 
implant had succeeded in establishing the tumor 
in the hitherto insusceptible host. One of 3 mice 
in the first experiment, and one of 5 in the second 
experiment died of ascites. Further transplanta- 
tion of the tumor cells intraperitoneally into 
normal, not pretreated, adult ICR mice estab- 
lished this tumor line beyond any doubt in ICR 
mice. After subsequent passages, the tumor cells 
grew progressively, causing death from malig- 
nancy of all the inoculated animals (11). 

In the third experiment of the same series, 
instead of injecting ICR fetuses with C3H mouse 
blood, actual 6C3HED tumor cells were im- 
planted. This direct method of injecting the tis- 
sue is possible in the case of tumor cells. Skin 
transplants cannot be made on embryos in utero 
and therefore tolerance has to be induced by 
the indirect method of injecting other substances. 
In order to be able to determine more precisely 
the actual number of embryos injected with tu- 
mor cells, the inoculum was colored with a vital 
dye, such as trypan blue. Thus, in the first ex- 
periment, 6 blue and 2 pink babies were born. 
Two of the 6 blue babies developed subcutaneous 
tumors in the neck region 2-3 weeks after birth. 
The histologic pattern of the tumors was identical 
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with the original 6C3HED tumor grown subey. 
taneously in C3H mice. One tumor was excised 
8 days after becoming palpable. A suspension was 
made and injected intraperitoneally into 7 adult 
ICR mice, not treated previously. Ascites devel. 
oped in all mice, and 3 died of malignancy. Again, 
no difficulty was encountered in establishing this 
tumor line in ICR mice. 

The adaptation of the 6C3HED tumor is the 
simplest. Greater difficulty was encountered in 
making ICR mice tolerant to another tumor 
histocompatible again only with one strain of 
mice, the brown DBA strain. The tumor is called 
the DBA/2 lymphoma. Attempts to transplant 
it into ICR mice are shown in figure 9. 

Following intra-uterine inoculation of tumor 
cells into 3 pregnant ICR mice, 5 out of a total 
of 17 blue babies developed neck tumors 10 days 
after birth. When suspensions of these tumor 
were injected into adult ICR mice, ascites formed 
8 days after inoculation. Serial passage of the 
ascites fluid in ICR mice ended, however, in fail- 
ure to establish this tumor line in ICR mice, 
Another stratagem was therefore employed. 
Neck tumors, which developed in the first gen- 
eration of ICR mice injected in the embryonic 
stage, were removed, made into a suspension, 
and injected into ICR embryos, instead of in 
adult mice (fig. 9). Four out of 4 blue babies de. 
veloped tumors 8 days after birth. Another at 
tempt to propagate this tumor was made at this 
passage level and failed. A suspension of these 
tumors was once again injected into ICR em 
bryos, and one out of 6 baby mice developed 
tumors. One more intra-uterine passage was 
made, and then the tumor suspension was it- 
jected into 6 adult ICR mice (fig. 9). 

One of these developed ascites which was pas 
saged to 3 other mice. Two developed ascites, 
and fluid containing a large number of tumor 
cells was implanted intraperitoneally into 8 ICR 
mice. All developed ascites, and 7 died of malig 
nancy. Subsequent passages in adult ICR mice 
confirmed the successful establishment of a second 
lymphoma in ICR mice (12). 

Another strain-specific mouse ascites tumot. 
the P-288, was adapted to ICR mice. This tumor 
grows ordinarily in the DBA/2 and DBA/1 mous 
sublines. On figure 10 it may be observed that 
after two subcutaneous passages in newbor 
ICR mice, the tumor started to grow in ascité 
form in adult, non-pretreated ICR mice. Follow 
ing 16 intraperitoneal passages, it became ufk 
formly lethal to the new host. 
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Greater ingenuity was required for subsequent 
homo-adaptations of tumors, as compared to the 
experience with the 6C3HED neoplasm. This 
confirmed the eternal bugbear of the biologist: 
that the first experiment is often too easy, and 
that following attempts will be more difficult. 
This foreboding proved to be justified when an 
attempt was made’to break through the species 
barrier and adapt rat tumors to a mouse host. As 


mentioned before, this procedure is called ‘het- 
erotransplantation.’ Parallel with our efforts in 
the field of mammalian tissue, attempts were 
being made in three other laboratories to induce 
tolerance in turkeys to chick tissue. The Rous 
Sarcoma is a chicken tumor of viral origin. Tur- 
keys more than 3 weeks old will reject the tumor 
(13). Simonsen (13), in a preliminary experiment, 
injected turkey embryos on the 13th day of incu- 
bation with 0.1 ml of blood cells from young 
chickens. Following hatching, three 8-week-old 
turkeys were injected intramuscularly with a 
cell-free preparation of Rous Sarcoma grown in 
chicks. Two of 3 turkeys developed tumors at 
the site of inoculation, while all of the control 
birds rejected the tumor. Svoboda and Hasek 
(14) injected blood obtained from adult chickens 
into either turkey embryos intravenously on the 
15th day of incubation, or into newly-hatched 
turkeys. Rous tumor was implanted intramuscu- 
larly into 23 birds at an age when all control birds 
were found to be refractory. With two exceptions, 
these turkeys developed tumors and died from 
the malignancy. 

Harris (15) has made a thorough investigation 
of tolerance in turkeys to the Rous Sarcoma 
agent. He injected newly-hatched turkey poults 
with 0.3 ml of whole citrated chicken blood intra- 
venously, and produced tolerance to Rous tumor. 
The period during which young turkeys can be 
made tolerant by the inoculation of chicken blood 
was found to be very short, not exceeding 72 
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Fig. 11. Adaptation of rat hepatoma AH130 ascites tumor to ICR mice. (From Proc. Roy. Soc., 


London, s.B. 146: 37, 1956.) 


hours after hatching. Serum or plasma of chickens 
did not induce tolerance; the factors influencing 
the development of tolerance were found to be in 
the formed element of the blood. Judging from 
what we now know about the nature of ‘natural’ 
antibodies occurring in the sera of older chickens 
refractory to the Rous Sarcoma (16), it is possible 
that by injecting turkey embryos or newly- 
hatched poults production of a similar type of 
antibodies in turkeys was prevented. Such anti- 
bodies (in the case of older chickens) are not di- 
rected against the virus of Rous Sarcoma, but 
against the malignant cell itself (16). 

Attempts at heterotransplantation of mam- 
malian tumors by the induction of tolerance have 
been very few. Bollag (17) observed that rats 
injected as embryos with normal mouse cells were 
more susceptible to implantation of Crocker 
mouse sarcoma. Conversely, Grozdanovic (18) 
observed incomplete tolerance to Crocker mouse 
tumors in rats injected as embryos with mouse 
tissue. Although the tumor sometimes grew 
slightly larger in such an animal it invariably 
regressed 10 days after implantation. 

That heterotransplantation of tumors through 
the breaking of the species barrier presented a 
formidable task became evident when an attempt 
was made in our laboratory to adapt a rat tumor 
to mice. This tumor originally developed as a 
liver tumor in a rat, but has subsequently been 
grown in ascites form intraabdominally. It is 
known as the AH130 tumor. Utilizing the pro- 
cedures used to educe tolerance in the successful 
homotransplantation of mouse tumors, AH130 


cells were injected into ICR fetuses. Neck tumor 
were again observed following birth of the mice, 
but attempts to propagate this tumor serially in 
adult non-pretreated ICR mice ended in failure, 
Serial intra-uterine passages did not seem to 
make the mice more tolerant, nor did they change 
the tumor sufficiently so that it would grow in 
normal ICR mice. Finally, one of the mice inocu- 
lated as an embryo with the second passage mate- 
rial developed what seemed to be a brain tumor 
(fig. 11). This tumor was harvested and injected 
intracerebrally into suckling ICR mice. All de 
veloped brain tumors and a serial passage line 
of the tumor in intracerebrally injected mice was 
established. The attempt to establish lethal 
growth of the tumor in adult mice at the second 
passage failed but following eight intracerebral 
passages in baby mice, the tumor was finally 
adapted to grow in ascites form in the peritoneal 
cavity of adult untreated ICR mice killing the 
host. 

This encouraged us to face the even greater 
task of attempting to grow another rat tumor, 
the Yoshida ascites, in mice. The history of this 
adaptation (19) will not be related as it, essen- 
tially, would be a repetition of the procedures 
described above. It will suffice to say that we 
succeeded in growing the tumor serially in ICR 
mice after 42 passages in the brain tissue of 
suckling mice. 

One important point should be emphasized: 
all of the tumors described above, after passage 
through an immature organism of a mouse strail 
originally resistant, changed so that they could 
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not only be maintained in the new host but were 
uniformly lethal to that host. 

Is the mechanism underlying transplantation 
of tumors to resistant hosts the same as that 
operating in the case of skin homografts? The 
answer can be given both in the affirmative and 
in the negative. The first step is similar. A very 
young organism, either an embryo or a new-born 
animal, is injected with a foreign tissue to which 
it subsequently becomes tolerant. But here the 
parallel ends. 

Foreign skin, growing on a tolerant host, re- 
tains all the properties of the donor. Re-examina- 
tion of figure 4 illustrates this point. Here is a 
skin graft with hair tufts of the original color, 
although it is firmly attached to the recipient. 
The same striking evidence is furnished by the 
observation of Good (2) who grafted a patch 
of skin from a woman to a boy who suffered from 
agammaglobulinemia, a condition mentioned at 
the beginning of the lecture. This skin graft was 
accepted, but the chromatin retained original 
female characteristics, although it was firmly 
attached to an otherwise normal subject of the 
opposite sex. The sex of the tumor cells has not 
yet been determined, but a profound change is 
observed in the properties of a tumor once it has 
been transplanted successfully from a tolerant 
host to a normal mouse. These changes will be 
summarized very briefly. 

The cell volume increases and the number of 
chromosomes per cell nucleus rises. The original 
tumor cell is characterized by a number approach- 
ing 42 (fig. 12); the transplanted tumor cell, 
depending on the tumor, usually has double this 
number. Accompanying this phenomenon is a 
tise in the DNA and RNA per cell, the values 
for the transplanted tumors being double or 
triple in relation to the original tumor. Finally, 
one more important change should be stressed. 
In general, the original tumor cell will not sup- 
port growth of viruses artificially introduced. 
The transplanted tumor not only supports the 
growth of any one of a multitude of viruses but, 
by so doing, commits suicide, since all malignant 
cells are destroyed by the multiplying virus. Thus, 
the initial inoculation of the tumor cells into a 
young, non-reactive animal probably does some- 
thing to the animal; conditions it to a certain 
extent to become tolerant to the tumor, but sub- 
sequently the tumor itself changes as it grows 
under the influence of its new environment. The 
striking difference between the characteristics of 
the transplanted and original tumors may lead 
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the purist to believe that we are dealing with an 
emergence of new types of tumors in the resistant 
host induced by some factor present in the old 
transplants. This is neither the place nor the 
time to present all the arguments against this 
hypothesis. I will only mention the most impor- 
tant factors. 

Rat tumors transplanted into mice through 
many successful passages retain their lethal 
character for rats. Although the number of cells 
per inoculum per rat has to be large to be lethal, 
no bona fide mouse tumor has displayed such a 
property. The other identification of the trans- 
planted tumor can be accomplished by treatment 
of the animals with immunologically activated 
lymph nodes. Again, if we return to skin trans- 
plantation, you will recall the beautiful tufts of 
original A hair on a recipient CBA mouse (fig. 4). 
This graft can be destroyed in the following way: 
skin obtained from an A-line donor is trans- 
planted into a normal CBA mouse. Within 8-11 
days, it will wilt. If axillary lymph nodes are 
removed, and these lymph nodes are the ones 
which receive ‘drainage’ from the wilting skin 
graft, then a sort of ‘antibody’ is found in their 
cellular extracts. This antibody makes itself 
manifest if injected into a tolerant CBA mouse 
bearing an accepted A-line skin graft. Injection 
of the lymph nodes makes the mouse intolerant 
(to use this excellent term coined by Szilard— 
personal communication), and the beautiful tuft 
of white A hair is destroyed (4). Such lymph 
nodes obtained from mice injected with tumor 
grafts, instead of skin, have anti-tumor proper- 
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ties and have been used for identification of the 
transplanted tumors. A mouse injected with the 
transplanted tumor is then treated with the 
lymph nodes immunologically activated against 
the original tumor. The results indicate kinship 
between the two tumor lines (12). 

Turning now from the more or less factual part 
of the lecture to the hypothetical, it may be 
asked whether the phenomenon of tolerance in 
tumor transplantation can throw any light, how- 
ever slight, on the etiology of malignancy. Here 
we enter the realm of day-dreaming, based on 
very few facts. Is a human subject suffering from 
cancer ‘tolerant’ to malignant growth? Implanta- 
tion of cellular material of human origin grown 
serially in tissue culture into the subcutaneous 
tissue of patients, suffering for years from malig- 
nancy, leads to the formation of tumors. The 
same tissue culture cells implanted into normal, 
healthy adults are rejected after a violent dis- 
play of defense reaction (20). Are the cancer 
patients so debilitated that their defense mecha- 
nism is inactive, or are they ‘tolerant’ to implan- 
tation of tumors? Another intriguing problem in 
the same general category is the observation of 
several workers (21, 22) on tumor-inducing fil- 
trates. Suspensions of subcellular elements ob- 
tained from several mouse leukemias can induce 
cancer in mice if injected into the animals within 
several hours after birth. There is only one excep- 
tion to this age limit (23). Is tolerance operating? 
Are the subcellular particles making the injected 
host tolerant in such a way that, months later, 
when confronted with a malignant growth its 
defense system cannot recognize the tumor as 
foreign tissue but considers it as its own and does 
not muster an army of antibodies for counter- 
attack? These are a few of the pipe-dreams which 
may eventually form a link, even though not 
too strong, between tolerance, transplantation 
immunity and cancer. 

Several months ago, I was invited to give a 
more specific talk on this subject at a meeting 
attended by specialists in this field. On finishing 
my lecture I realized, to my horror, that I was 
addressing a glassy-eyed audience, few of whom 
were interested in or understood what I was 
describing. Fearing the same reaction from 
tonight’s audience, I have sought in advance the 
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advice of Dr. Szilard, one of the outstanding 
scientists of this age. ‘How should I approach 
‘lecture-wise’ an audience consisting of people 
from such diverse vocations as nutrition, bio- 
chemistry, physiology, pharmacology etc.?” His 
advice was to treat you as completely ignorant 
of the subject matter but possessing infinite in- 
telligence. I hope I have succeeded in changing 
the first classification, but I am certain that in 
doing so I have exposed my own ignorance— 
perhaps more specialized, but ignorance never- 
theless—about a subject which remains one of 
the most interesting problems in the field of 
biology. 


REFERENCES 


1. Lexer, E. Arch klin Chir. 92: 749, 1920. 

2. Goon, R. A., R. L. Varco, J. B. Aust, anp §, 
J. Zax. Ann. New York Acad. Sc. 64: 882, 1987, 

3. ApaMs, R. A. Anat. Rec. 125: 646, 1956. 

4, BrtutincuaM, R. E., L. Brent, anv P. B, 
Mepawakr. Phil. Trans. B 239: 357, 1956. 

5. Mepawar, P. B. Proc. Roy. Soc. London, 8. 
B 146: 1, 1956. 

6. OwEn, R. D. Science 102: 400, 1945. 

7. BrtuincHaM, R. E., L. Brent anv P. B, 
Mepawark. Nature 172: 603, 1953. 

8. Hasex, M. anv T. Hrasa. Folia biol. 1: 1, 
1955. 

9. Daraeon, H. W., J. W. EvERSOLE AND V. DEL 
Luca. Cancer 3: 299, 1950. 

10. JENSEN, C. O. Zentralbl. Bakt. 34: 28, 122, 1908. 

11. Koprowsk1, H. Nature 175: 1087, 1955. 

12. Kopxrosx1, H., G. Turis, anp R. Love. 
Proc. Roy. Soc. London, S. B 146: 37, 1956. 

13. StmonsEN, M. Nature 175: 763, 1955. 

14. Svopopa, J. anD M. Hasek. Folia biol. 2: 256, 
1956. 

15. Harris, R. J. C. Proc. Roy. Soc. London, 8. 
B 146: 59, 1956. 

16. Rusin, H. Virology 2: 545, 1956. 

17. BoutiaG, W. Experientia 11: 227, 1955. 

18. Grozpanovic, J. Folia biol. 2: 296, 1956. 

19. Koprowski, H. Ann. New York Acad. Se 
1957 (In press). 

20. Sournam, C. M., A. E. Moore anp C. P. 
Ruoaps. Proc. Am. Assoc. Cancer Res. 2: 251, 
1957. 

21. Gross, L. Cancer 3: 1073, 1950. 

22. Stewart, S. E. J. Nat. Cancer Inst. 16: 41, 
1955. 

23. Frienp, C. Proc. Am. Assoc. Cancer Res. 2: 
106, 1956. 





wl 
lo 
th 
po 
int 


cr 


str 


pre 
is” 
hos 
act 
tio! 
or | 
tior 


call 
wit! 
isol 
bet 


hor 
graf 
iden 

Ir 
and 
men 
hom 
inco. 

T 
than 
beco 
may 





me 16 


ading 
roach 
eople 
 bio- 
? Hig 
orant 
te in- 
nging 
vat in 
nce— 
1ever- 
me of 
ald of 


Love. 


2: 256, 


don, 8. 


156. 
ud. St 


OF 
2: 255 
16: 41, 


Res. 2: 





SUMMARY OF STUDIES OF TRANSPLANTATION OF 
HOMOLOGOUS TISSUES 


GLENN H. ALGIRE 


From the National Cancer Institute, Bethesda, Maryland 


I. OUR STUDIES of tissue transplantation we 
have made microscopic observations of tissues 
and cells in living mice, using both the trans- 
parent chamber (1, 2) and diffusion chamber 
methods (3). The transparent chambers have 
been modified depending on the detail desired. 

Diffusion chambers have been developed in 
which implanted cells survive and proliferate for 
long periods of time, although separated from 
the tissues of the host by membranes of varying 
porosities. These chambers may be placed either 
intraperitoneally or subcutaneously. They can 
be removed for histological processing and mi- 
eroscopic study after varying intervals of time. 
The membranes have been used also in the con- 
struction of transparent chambers (3, 4). 

These techniques have been used to study 
problems of survival of homografts in mice. It 
is generally accepted that the reaction of the 
host to homografts is based on a mechanism of 
actively acquired immunity. Whether destruc- 
tion is mediated by cells, or humoral antibodies, 
or by both, and the possible role of vascular reac- 
tions were among the problems studied. 

Inbred strains of mice which provide a geneti- 
cally uniform population have been used. Grafts 
within the same inbred strain are referred to as 
isologous. These usually survive, as do grafts 
between identical twins. Grafts between mice of 
different inbred strains will be referred to as 
homologous. These are usually destroyed, as are 
grafts between human beings, unless they are 
identical twins. 

In studies utilizing the transparent chamber 
and diffusion chamber methods, two experi- 
mental situations have been found in which 
homografts have survived indefinitely in an 
incompatible host. 

Transplants of small fragments of tissue (less 
than 1 mm diameter) survive even if they do not 
become vascularized (5). Indeed, such grafts 
may be deliberately placed so that a blood sup- 
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TABLE 1. SUMMARY OF STUDIES ON SURVIVAL 
OF HOMOGRAFTS IN MICE 
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ply is not established. Not only isografts, but 
also homografts survived indefinitely as unvas- 
cularized grafts in the subcutaneous site in mice. 
The homografts survived because they did not 
initiate an immunologous reaction in the host 
whereas vascularized grafts always initiated im- 
munity. However, the unvascularized homo- 
grafts were destroyed if the mouse was immu- 
nized by a vascularized graft elsewhere in the 
same host. 

The second method by which the destruction 
of homografts was prevented was by placing the 
tissue in diffusion chambers. As in the case of 
non-vascularized homografts, homologous tissues 
in cell-impenetrable diffusion chambers survived 
(8, 6) and did not initiate immunity (6). In con- 
trast to the destruction of non-vascularized 
homografts in immunized hosts, homografts in 
cell-impenetrable diffusion chambers survived, 
indicating that the membranes prevented the 
destruction of the homograft. 

Homografts were destroyed only in chambers 
made of membranes which allowed the passage 
of cells of the immune host (7). Evidence 
was obtained that the membranes did not block 
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the passage of humoral antibodies (7, 8). It was 
concluded, under these experimental conditions, 
that cytotoxic activity against these homografts 
was associated with cells of the immune host. 

Apart from questions of the mechanism of 
homograft destruction, it is, we believe, of con- 
siderable significance that under these two spe- 
cial conditions (unvascularized or within a dif- 
fusion chamber) homografts have survived for 
many months in incompatible hosts. 


This work has been carried out in cooperation 
with Doctors R. M. Merwin, R. T. Prehn, and J. 
M. Weaver, National Cancer Institute, Bethesda, 
Md. For skilled technical assistance our thanks 
are due to Mr. Roy Moore. 
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A PROSPECTUS OF BIOCLIMATOLOGY: HISTORICAL OBSER- 
VATIONS ON ITS NATIONAL AND INTERNATIONAL GROWTH 


FREDERICK SARGENT II? 


From the Department of Physiology, University of Illinois, Urbana, Illinois 


D ISCOMFORT, pain, disease and death are nat- 
ural events which jeopardize man’s existence. On 
the one hand, they may strike suddenly. On the 
other, ill health may become chronic and exhibit 
exacerbations, relapses and remissions. Man 
sought to explain these phenomena. Out of a 
groping folklore arose medicine and the medical 
sciences. Early medicine recognized the oneness 
of man with his environment and the environ- 
mental viscissitudes were seen as the cause of 
pain and sickness. The concept of environment 
did not restrict itself to the earth’s atmosphere 
(wherein the changes are called weather) but ex- 
tended it into the cosmos and envisaged that the 
sun, moon and stars ruled over man’s destiny. 
Hippocrates had a more conservative view of en- 
vironment. He was not influenced by this astrol- 
ogy (1). He taught that one should learn meteor- 
ology before studying medicine (2). Hippocrates 
was perhaps the first bioclimatologist, for he in- 
vestigated the effects of weather and climate on 
man and laid down the first set of working bio- 
climatological principles (2). 

In the succeeding two thousand years the 
Hippocratic concept of man-environment (phy- 
sis) (3) suffered a waning acceptance by medical 
scientists. For a time, even astrological medicine 
was more popular (4). More recently bacteriology 
became the dominant hypothesis. The patient 
receded into the background and the Cnidian 
theory (5) that disease was the object of medical 


1 Joint with the Committee of Bioclimatology, 
American Meteorological Society. 

2 President, International Society of Bioclima- 
tology and Biometeorology. 


study prevailed. Although one cannot gainsay the 
harvest of knowledge reaped, it is becoming in- 
creasingly evident that such an approach to the 
problems of human health and efficiency has not 
been sufficiently holistic. The pendulum has be- 
gun to swing back to the doctrine of the Coan 
School (5). The patient has been rediscovered 
and, with that discovery, a new idea of man- 
environment is emerging. The point of view is 
ecological and has been called human ecology 
(6, 7). 

Unless it is viewed against the broad perspec- 
tive of ecology, bioclimatology cannot be clearly 
understood. Ecology deals with the complex in- 
teractions among organism, function and environ- 
ment. Bioclimatology is ‘the study of the direct 
and indirect interrelations between the geophysi- 
cal and geochemical environment and living 
organisms, plants, animals, and man” (8). The 
bioclimatologist then is primarily concerned with 
the atmospheric environment and its affects on 
the organism. In the context of this symposium 
the organism of chief interest is man, 

The work of the human bioclimatologist follows 
two broad avenues. In the one instance, the ques- 
tions are submitted to investigation in a con- 
trolled environment: a climatic chamber, a hot 
room, a cold room. Here the physical environment 
can be rigidly controlled and the reactions can be 
explored by the most precise physiological tech- 
niques. One or more environmental factors can be 
varied at a time and frequently the observations 
can be expressed in equations. In the other in- 
stance, the questions are submitted to investiga- 
tion in the natural atmospheric environment, i.e. 
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the weather. Controlled conditions are more diffi- 
cult to achieve. One frequently has to employ 
complex statistical procedures to bring out 
weather effects. The results of studies made in 
controlled environments may not hold up. The 
predictions from these studies must, however, be 
tested in nature for man does not live in a climatic 
chamber. But more important, the bioclimatolo- 
gist who studies weather must have an ecological 
point of view in order properly to evaluate and 
interpret his observations. His facts must be 
scrutinized in such a way that the impact of the 
total environment is evaluated. Only from this 
viewpoint can he realistically assign relative sig- 
nificance to weather. Only within this broader 
framework can his investigations have practical 
value for the solution of problems involving bet- 
terment of man’s health and welfare. 

Unfortunately much of human bioclimatology 
has not been given such an integrated evaluation. 
The facts have been marshalled to support vari- 
ous theories of climatic determinism (9). The 
Study Group on Climate and Economic Develop- 
ment in the Tropics of the Council on Foreign 
Relations (10), in contrast, has recently demon- 
strated the value of the integrated approach in 
appraising the complex problem of the lack of 
socio-economic development in hot humid 
regions. 

To achieve the necessary background for an 
integrated attack on bioclimatological problems, 
a synthesis of known facts must be made, the 
significant problems must be delineated and an 
active collaboration must be brought into being 
among investigators having a mutual interest in 
the effects of the environment on man and other 
living organisms. To make such a program vital 
and enduring we must also educate medical stu- 
dents and graduate students in the medical and 
biological sciences so that they will think holisti- 
cally, so that they will recognize the environment 
as a significant factor in etiology, therapeutics 
and prognosis. The prospectus thus must include 
‘broad training’ and ‘integrative thinking’—gen- 
eralization not specialization. 

For many decades work in bioclimatology has 
been conducted by isolated individuals. In Eu- 
rope some of these men founded schools of 
thought. Dorno of Davos and Linke of Frankfurt 
are notable examples; they and their students 
have made lasting contributions. Over the years 
there have been a large number of foreign bio- 
climatological societies, conferences, research in- 
stitutes and university training programs. For 
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example, the Tenth International Congress on 
Thalassotherapy and Hydroclimatology was held 
in April at Cannes, France; the Eleventh Inter- 
national Meeting on Alpine Climatology will be 
held in May in Saint Vincent, Italy; and the 
Second International Congress on Social Clima- 
tology will be held in Briangon, France, in June, 
The only technical journals devoted solely to bio- 
climatology are edited and published in Europe, 

In North America there have been no schools 
of thought in the European tradition and, until 
recently, few bioclimatological societies, confer- 
ences and university training programs. The 
American Climatological and Clinical Association 
was founded in 1884, ‘for the study of Climatol- 
ogy, Hydrology, and Diseases of the Circulatory 
and Respiratory Organs’ (11). It no longer exists, 
When the American Meteorological Society was 
organized in 1920, its original list of committees 
included a Committee on Physiological Meteor- 
ology with Ellsworth Huntington as chairman 
(12). The Committee survived but a few years, 
More recently a Journal of Human Ecology was 
published. Its life was three years (1951-1953). 

In 1950 the American Meteorological Society 
created a Committee on Bioclimatology (13). Its 
chief objectives have been to further the growth 
of bioclimatology and to formulate standards for 
graduate training. It has sponsored three sessions 
on bioclimatology at national meetings of meteor- 
ologists (14-16), has edited and published a 
monograph (17) and has established an award for 
meritorious research (18). The present conference 
represents an effort initiated by the Committee’s 
present chairman, Dr. Konrad Buettner. 

In 1956 the Maricopa County Medical Society 
of Phoenix, Arizona, sponsored the organization 
of an ‘Institute of Medical Climatology’. The 
aim of this group of physicians is to obtain basic 
information on climate and health and on clima- 
totherapy.* This development is significant, for 
an urgent need of bioclimatology is a critical re 
evaluation of the idea that climate plays an im- 
portant role in the treatment of disease. 

Physicians, such as Solley (20) and Loomis 
(21), in the past recommended that medical stu- 
dents be taught medical climatology and climate 


3 In 1933 H. H. Kimball of Blue Hill Meteoro- 
logical Observatory made a similar proposal for 
establishing a ‘physiclogical meteorological sta- 
tion’ (19). In his article he points out that the 
American Climatological and Clinical Association 
was also planning a climatotherapeutic institute 
to be located in Tucson, Arizona. To my knowl- 
edge these early proposals never materialized. 
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therapy. To my knowledge no American medical 
school now has such a program. At the University 
of Illinois in Urbana and at the University of 
Washington graduate curricula are developing in 
bioclimatology. The Committee on Bioclimatol- 
ogy has prepared a report on ‘Graduate Training 
in Bioclimatology’ (22) which it plans to publish 
in the near future. In a subsequent report this 
committee will discuss the results of an interna- 
tional survey of graduate training in this field 
which is now being conducted. 

Medical educational philosophy in America has 
been changing in recent years. We might charac- 
terize the trend as a return to the Coan concept 
of man-environment. Students are now receiving 
instruction in ‘human ecology’ (23). They are be- 
ing taught that the ‘patient as a whole’ is the 
important point of view in medical practice, that 
the patient cannot be considered as isolated from 
his environment. Some of the new courses even 
include discussion of bioclimatology. This trend 
is a most encouraging one, for it indicates an ef- 
fort to give an integrative training to future gen- 
erations of medical practitioners and investi- 
gators. 

It was the regional growth of interest in bio- 
climatology which led to the creation of the 
International Society of Bioclimatology and 
Biometeorology. The inaugural meetings held in 
Paris, France, in August 1956, were most suc- 
cessful (8). The first scientific congress will be 
held in Vienna in September. Membership in the 
Society now numbers well over 400. Almost every 
branch of meteorological, biological and medical 
science is represented. The basic goals of the 
Society are to encourage and stimulate the tre- 
mendous integrative job required in making a 
critical evaluation of all areas of bioclimatology 
and to promote sound investigation of the really 
significant problems delineated by the synthesis. 
These goals shall be implemented by holding in- 
ternational symposia and congresses, creating an 
international clearing house, creating an interna- 
tional journal, forming technical committees to 
investigate basic problems and fostering the de- 
velopment of national groups in bioclimatology 
and related sciences and their international 
cooperation. 

The required integrative work can, I think, 
best be launched by national and international 
groups gathered to discuss a common question. 
Although the ultimate synthesis may have to be 
made by one or more qualified individuals, the 
preliminary collation lends itself admirably to a 
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cooperative undertaking by a group. The cooper- 
ative effort basically involves a working together 
of meteorologists and biological and medical 
scientists. 

There have been, in the past, numerous pleas 
for such cooperative effort by physicians and 
others (24, 25) but only recently has a serious 
effort been initiated in this direction by the U. S. 
Weather Bureau. Just a few months ago Dr. 
Helmut Landsberg, Director of the Office of Cli- 
matology, established a Section on Human Bio- 
climatology (personal communication). The task 
of the Section will be primarily to advise and 
answer queries received by the Weather Bureau 
on matters of bioclimatology. The Section could 
ultimately assume an important job in giving to 
meteorologists employed in regional offices basic 
information on bioclimatology. These meteorolo- 
gists are constantly being asked for a wide variety 
of information ranging from opinions of weather 
effects on perishable commodities to advice on the 
most suitable climatic conditions for residence of 
patients with particular types of acute or chronic 
disease. Bioclimatologists should work closely 
with the Weather Bureau to keep the personnel 
informed on the current status of knowledge and 
to assist in developing any required educational 
programs. 

A final, and perhaps most important, problem 
must be considered. There is an increasing de- 
mand in many areas for persons trained in the 
principles and technics of bioclimatology. Dr. D. 
H. K. Lee and I have recently discussed this 
matter and I should like to summarize our 
thoughts for your consideration. 

Three possible solutions come to mind. First, 
an Institute of Bioclimatology might be created. 
The most effective type of institute would be a 
privately endowed institution located on the 
campus of a major university. The advantages of 
such an institute would be that duplication of 
costly physical facilities could be avoided and 
that having a group of men working together 
might be mutually stimulating and provoke a 
greater output of scholarly investigation. There 
are, however, two disadvantages. The continued 
productive output of such an organization gener- 
ally depends upon the stimulating effect one man 
has on his colleagues. When he leaves, as history 
teaches, the institute frequently deteriorates. A 
more important disadvantage is the fact that a 
great deal of capital has already been invested in 
the basic environmental physical plant at several 
universities and governmental laboratories. It is 
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our thought that the solution does not lie so much 
in the creation of a new institute as in the more 
effective utilization of that which is already 
available. 

The alternative plans involve use of existing 
facilities. A Study Group, such as the Committee 
on Bioclimatology, could first make an inventory 
of the equipment and the manner in which it is 
used for research and for graduate training. 
Second, the available courses and training pro- 
grams could be documented. Then, a series of 
curricula could be prepared integrating the vari- 
ous courses into an effective training program. 
Each of us in bioclimatology has something dif- 
ferent to contribute toward the instruction of 
students both in point of view and in problems 
under study as well as in available equipment. 

Students could apply for graduate training 
either at the pre-doctoral level or at the post- 
doctoral level. Pre-doctoral students would take 
their basic work in the institution of their choice. 
With the assistance of the Study Group, they 
could plan to spend portions of one year at other 
institutions so as to obtain advanced training in 
the phases of bioclimatology that would be most 
useful to them. It might even be that some stu- 
dents would conduct their graduate research at 
some institution other than the one ultimately 
granting the doctoral degree. The thesis research 
should be conducted where the most appro- 
priate facilities were located. 

Two basic problems that face this pre-doctoral 
plan are financial and academic. Travel grants 
should be.available for qualified students to pro- 
vide support during their period of advanced 
training. The Study Group would have to work 
out the means whereby graduate credit for the 
courses taken in different institutions could be 
applied toward a doctoral degree without unduly 
prolonging the time required to fulfill the aca- 
demic requirements for graduation. 

To avoid the complexities of satisfying inter- 
university course requirements, the most feasible 
plan might be to establish post-doctoral trainee- 
ships in bioclimatology. Qualified students with 
doctorate degrees could apply for such trainee- 
ships and, with advice from the Study Group, 
they could take special didactic and laboratory 
work at the institution best equipped to meet 
their needs. The grants for the post-doctoral stu- 
dents should be administered by the Study 
Group. 

Through either the pre- or the post-doctoral 
programs, the joint talent of the bioclimatolo- 
gists in this country and the available equipment 
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could be utilized. Students admitted to either 
program should be carefully selected and critically 
examined prior to beginning advanced training 
and research. For the pre-doctoral candidate, we 
do not propose that a Ph.D. in bioclimatology be 
created. In fact, at present, we (26, 27) are 
strongly against such a degree. The students 
should be working toward a doctorate in one of 
the basic biological or medical sciences or geog- 
raphy. The bioclimatological program would pro- 
vide the minor. The objective of the graduate 
training, in either case, should be to provide the 
student with a broad background so that he 
could continue to make substantial contributions. 


REFERENCES 


. Mason, R. H. A History of Medicine. Spring- 
field: Thomas, 1954, vol. I, p. 123. 
2. Jones, W. H. S. Hippocrates. London: Heine- 
man, 1923, vol. I, pp. 71-137. 
3. Masor, R. H. A History of Medicine. Spring- 
field: Thomas, 1954, vol. I, p. 125. 
4. Mayor, R. H. A History of Medicine. Spring- 
field: Thomas, 1954, vol. I, p. 335. 
5. Mertier, C. C. History of Medicine. Phila- 
delphia: Blakiston, 1947. 
6. Bews, J. W. Human Ecology. London: Oxford, 
1935. 
. Sears, P. B. Science 120: 959, 1954. 
. SarGenT, F., II, K. Buettner anv D. H. K, 
LEE. Science 124: 1299, 1956. 
9. Huntineton, E. Mainsprings of Civilization. 
New York: Wiley, 1945. 
10. Lez, D. H. K. Climate and Economic Develop- 
ment in the Tropics. New York: Harpers, 1957, 
11. The Encyclopedia Americana. Chicago: Ameri- 
cana Corp., 1929, vol. I, p. 503. 
12. Bull. Am. Meteorol. Soc. 1: 6; 18-19, 1920. 
13. Bull. Am. Meteorol. Soc. 31: 325, 1950; 32: 151, 
1951. 
14. Bull. Am. Meteorol. Soc. 32: 194, 1951. 
15. Bull. Am. Meteorol. Soc. 32: 268, 1951. 
16. Bull. Am. Meteorol. Soc. 35: 277-278, 1954. 
17. Sarcent, F., II, anp R. G. Srone (eds.) 
Recent Studies in Bioclimatology, Meteorol. 
Monogr. 1954, vol. 2, no. 8, 121 pp. 
18. Bull. Am. Meteorol. Soc. 34: 75, 1953. 
19. Kimpatu, H. H. Bull. Am. Meteorol. Soc. 14: 
235, 1933. 
20. Sotty, 8. E. Tr. Am. Climatol. & Clin. Assoc. 
20: 7, 1904. 
21. Loomis, H. P. 7'r. Am. Climatol. & Clin. Assoe. 
22: 7, 1906. 
22. SarGent, F. II. Bull. Am. Meteorol. Soc. 35: 
280, 1954. 
23. Baxst, H. J. Boston Med. Quart. 6: 77, 19565. 
24. CarpPENTER, F. A. Tr. Am. Climatol. & Clin. 
Assoc. 31: 11, 1915. 
25. Epson, C. E. Bull. Am. Meteorol. Soc. 2: 2%, 
1921. 
26. SarGENT, F., Il. J. Human Ecol. 1: no. 7, 1951. 
27. Lez, D. H. K. Ann. Assoc. Am. Geog. 63: 127, 
1953. 


_ 


Coos] 


her 











re 16 


ither 
cally 
ning 
>, We 
ry be 

are 
lents 
ne of 


Zeog- 


luate 
e the 
it. he 
ions. 


ring- 
[eine- 
oring- 
pring- 
Phila- 


xford, 


H. K. 
ation. 
velop- 
, 1957. 


\ meri- 


). 
2: 151, 


54. 
(eds.) 
eteorol. 
oc. 14; 
Assoc. 
Assoc. 
Joc. 35: 


, 1955. 
& Clin. 


. 2: 


7, 1951. 
63: 127, 





AIM AND PURPOSE OF SYMPOSIUM ON BIOCLIMATOLOGY: 


Konrap J. K. Burrrner 


From the Departments of Meteorology and of Physiology, University of Washington, 
Seattle, Washington 


7... worD bioclimatology was coined, around 
1910, by Carl Dorno in Davos, Switzerland, the 
place of Mann’s famous novel Magic Mountain. 
This place was and still is sought for its climate 
by persons with tuberculosis. We shall devote 
this Symposium to renewing study of the effects 
of climatic environment on man. The emphasis 
of such studies lies in the interplay between cli- 
matology and human biology, not in these fields 
themselves. We therefore consider ourselves for- 
tunate to have members of two well-recognized 
societies, namely the American Physiological 
Society and the American Meteorological Society, 
here for a combined meeting. The aim of this 
Symposium, then is to combine existing groups 
for joint discussion instead of creating one more 
specialized group. Dr. Sargent has already men- 
tioned the organizational aspect of bioclima- 
tology. 

Bioclimatology describes all effects of the nat- 
ural environment on living organisms; this sym- 
posium is restricted to the human aspect. The 
word encompasses climatophysiology, climato- 
pathology, meteorobiology, the effects of certain 
orographic factors and cosmic effects, if any. To 
avoid the dispute over ‘meteorology’ and ‘clima- 
tology’, we shall use the word ‘geophysics’ to 
indicate ‘natural physical environment’. 

Emphasis should be placed here on those re- 
searches which need it rather than on those al- 
ready enjoying organized cooperation such as 
aviation and space medicine. Bioclimatology is a 
borderline science and becomes more important 
to us the more it investigates the border area 
rather than the main fields on either side of the 
border. Recording room temperature during sur- 
gery is not bioclimatology yet, but a treatise on 
the climate of a ‘climatic resort spot’ is not either, 
unless it is accompanied by proof of why these 
cimatic elements are important to human health. 

Bioclimatological research can be subdivided 
into three phases of approach. 





1Contribution No. 26 of the Dept. of Meteor- 
dlogy and Climatology, Univ. of Washington. 
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a) Quantitative Bioclimatology deals with meas- 
urable changes in man caused by measured en- 
vironmental elements in a way which is under- 
standable from the physical, chemical and 
biological viewpoints. The essential bioclimatic 
element in this search is generally the physical 
transfer mechanism. This phase may therefore 
also be called physical bioclimatology. Examples 
are thermal effects and solar ultraviolet effects. 

b) Qualitative Bioclimatology describes ob- 
served medical facts obviously caused or triggered 
by atmospheric agents. There are no clear-cut, 
quantitative relations between the agent and the 
illness or the effect. Most agents are aerosols or 
air pollutants, and the most striking effects are 
allergies. Effects of smog and radioactive products 
might belong in this category. 

c) Statistical Bioclimatology searches for corre- 
lations between any number of weather elements 
or weather accords and human actions, reactions 
and health. The causative agent is generally not 
known and, in many cases, is not even suspected. 
This is, of course, the infant stage of research. 
No item of investigation can remain too long in 
this stage, but must advance to the higher stage 
(a and b), be recognized as not bioclimatic at all, 
or be abandoned as a pseudoproblem. 

Any effect of group a is, of course, wholly re- 
producible in the laboratory and those in group b 
are at least qualitatively reproducible. Surveys 
concerning some phases of each of these fields 
will be offered in this Symposium. A few words, 
however, should be devoted to those fields of 
knowledge not discussed. 

One recurring question is that about a ‘health- 
ful’ climate, a question which may be countered 
by the question, ‘healthful for whom and when 
and for how long?’ Progress by technicians and 
hygienists has made more and more areas habit- 
able by providing food, water and communica- 
tion and by preventing most infectious diseases. 
Protection from climatic thermal hardships has 
progressed from the lean-to to the air-conditioned 
house, and can be had everywhere for a price. 
However, a large migration to thermally comfort- 
able climates has begun and will increase. 
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Ailing people and their physicians search for a 
suitable outdoor climate. Advice is frequently 
given from rather generalized biological state- 
ments, combined with scanty climatological 
knowledge. Physicians are taught to use every 
treatment from penicillin to the scalpel, except 
the omnipresent climate and weather—or protec- 
tion from it. They might be amazed to learn that 
the lower Rio Grande Valley in July equals in 
moist heat Devil’s Island; that summer climates 
of the Southeast and of west Texas are funda- 
mentally different; that in a northern part of the 
Midwest a heated house in winter is much drier 
than an Arizona desert, a fact of interest to der- 
matologists since the stratum corneum cracks 
when dry; that Santa Monica has fog and Los 
Angeles smog; that the much publicized death 
rates during heat waves in eastern states have no 
parallel on the Gulf Coast, where the temperature 
and the water content of air are always higher; 
that every environment can be endured for a 
specific time; that the reduced oxygen partial 
pressure may be responsible for many automobile 
accidents at moderate altitudes. 

A temporary change of climate is sometimes 
recommended; it frequently helps. A vacation 
nearly always does. Many records exist showing 
how man’s physiological, psychological and clini- 
cal parameters change during a four-week stay at 
the sea coast, in the mountains or in other cli- 
mates new to the patient or test subject. These 
changes could be caused by cooling power, solar 
ultraviolet, altitude, inhaled ocean salts and other 
climatic .factors; such changes could also stem 
from exercise, mental relaxation, regular life and 
other vacation factors. 

Since climatic and vacation elements mix, sep- 
arate evaluation of them becomes difficult. I once 
attended a series of speeches which declared that, 
for nearly everybody, the climate of the North 
Sea and of the lower mountains and of the higher 
mountains and of the sultry Adriatic Coast is 
healthful. Since all are good and since a smog-free 
home town has a climate too, we may well con- 
clude that a vacation is a good idea, and that 
except for a few recognized medical counter indi- 
cations, we know little about ‘healthful’ climates. 
A new, valuable method to test effects of climatic 
cures has been developed by H. Jungmann in 
Hamburg. This test is based on circulatory 
measurements. 

There are, of course, ‘bad’ climates, which I 
shall mention briefly together with a few more 
bioclimatic problems which cannot be discussed 
in detail. 
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a) Thermal extremes such as an Arctic winter 
or the Gulf Coast summer cannot be recom. 
mended. Our respiratory organs are sensitive to 
both temperature and humidity. The problem 
seems difficult as demonstrated by the frustra- 
tions in the research on common colds. Much 
work must still be done to differentiate the effects 
of drying out of membranes, of cooling or heating 
of upper respiratory organs, of subsequent influ- 
ences on the blood supply to the membranes, and 
of a change in the number, kind and activity of 
microorganisms and viruses and in their mode of 
transfer. Noxious pollutants from natural (forest 
fire, volcano) and artificial sources obviously 
make a bad climate. So do microorganisms and 
pests, especially in tropical areas. We shall hear 
more about allergies later. 

b) Nonthermal effects of solar light. Solar ultra- 
violet causes reproducible and measurable skin 
reddening, immediate pigment, late pigment and, 
sometimes, skin cancer. Playing in the sun with 
minimum clothes is fine; but is the solar spectrum 
responsible for the beneficial effects, besides its 
influence on temperature, humidity, visibility, 
the individual’s mood and exercise? 

c) Very extreme climatic situations from an 
Arctic blizzard to a fire can be endured for a 
limited time. Endurance time for a protected or 
exposed body is the only comparable measure for 
total climatic strain. Heat of fire can be a thor 
oughly natural element, e.g. a forest fire from 
lightning. 

d) A resort spot should watch tts microclimate, 
Valleys tend to collect smog and cold air on cleat 
nights, dry surfaces prevent allergens from set- 
tling, especially in windy weather. West-facing 
picture windows cause an unnecessary solar heat 
load. 

e) Spas and baths claim all kinds of cures 
Many of them are subject to the same argument 
of vacation versus environmental effects men 
tioned above. The science of spas is venerable 
and thousands of years old. But when the author 
recently asked men in this field, in this country 
and abroad, whether water passes into and 
through the human skin, they did not know. Well, 
water passes. 

The aim of this Symposium, then, is to serve 
as a nucleus for the condensation, combination 
and integration of the two forces, environmental 
and biological, which decide whether we like 4 
weather or not. This cooperation seems quit 
necessary in view of the many exposures of mal 
to climatic extremes in expeditions, in the Armel 
Forces and in everyday life. 
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THERMAL STRESS AND PHYSIOLOGICAL STRAIN! 


L. D. CARLSON AND Konrap J. K. Buerrner 


From the Departments of Physiology and Biophysics, and Meteorology, 
University of Washington, Seattle, Washington 


Ox. the major considerations in the evalua- 
tion of environmental stress and the resulting 
physiological strain are considered in this report. 
While there are many additional considerations 
which may be brought to bear on specific prob- 
lems, the basic considerations outlined here 
underlie every problem. Unfortunately, one or 
more of these considerations has been neglected 
in most investigations, oversights that detract 
from the value of the work and prevent compari- 
son of various studies. It is hoped that the sim- 
plicity of this report will direct attention to the 
essential elements common to all such investiga- 
tions. 

These considerations are not new nor did we 
discover them; only the simplifications and em- 
phasis are ours. The names of Burton (1); Buett- 
ner (2); Winslow, Gagge and Herrington (8); 
Blockley, McCutchan and Taylor (4); Belding 
and Hatch (5); Hardy and DuBois (6); and Wez- 
ler (7) are familiar to those of you who work in 
this field. 

Stress is defined as the tendency of the environ- 
ment to cause a change in the individual. In the 
cold, the stress is a combination of air tempera- 
ture, wind and radiation. In the hot environment, 
the stress is a combination of air temperature, 
wind, vapor pressure and radiation. 

In the cold, these combined elements give rise 
to a large range in thermal stress. On a recent 
trip to Alaska, Alan Burton suggested that the 
Eskimos must have a series of words to describe 
the Arctic temperatures but, alas, investigation 
proved that the Eskimo has only the word 
ugsaluktug, it is cold. He can say, ugqsaluknitug, 
it is not cold, or ugsalukpatug, it is very cold, or 
alapaa which is best translated ‘Br-r-r-r.’ The 
Eskimo is not as original in his weather de- 
scription as the Navajo who has a male rain 
(a narrow, fast moving storm with outriggers of 
thunder and lightning) and a female rain (slowly 
wetting, a mild, effective blessing). 

Strain is defined as the change in the homeo- 


1 Supported in part by the United States Air 
Force under Contract: AF 18(600) -1467. 
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therm brought about by the stress—the altera- 
tion in physiological function to maintain 
temperature and the degree to which this change 
is effective. If the approximations of Gagge, 
Burton and Bazett (8) for the human body are 
used, 


Heat loss to the environment 
= K,o(T, — Ta) = H 


where, T; is the average skin temperature; Ta 
is air temperature (qualified according to air 
movement); Ko is equal to h, + h, (the heat 
transfer coefficient for radiation and for con- 
vection); and H is H—He in steady state (He 
in non-sweating state, i.e. below a skin tempera- 
ture of 33°C, is assumed to be 0.24H). H is total 
body heat loss. 

When H at a steady state with a fixed heat 
production and standard clothing is considered, 


H (T, — Ta) 


_ 1 
~ 0.32 
when H equals 38 Kceal/m?/hr; T, equals 33°C; 
Ta equals 21°C; v equals 20 ft/min; and 0.32 
equals the insulation of air, I, (0.14), plus that 
of clothing, I, (0.18). Conditions which cool 
the body exist when the Ta is less than 21°C. 

Figure 1, taken from Burton (1), illustrates 
insulation in clo units at various temperatures 
and heat productions (where M or Met is 38 
Keal/m?/hr). 


Air movement serves to reduce I, 
Ef ie ae, Ta 
B - Te + 1 ow aes W 


when I,, is the insulation by still air, and W is the 
wind decrement. 


Tabi 
1 < e Tea B4/v/vo 


where 6? equals 12 Keal/m?/hr/degree;? v is the 


W =I, 





28 is 24 Keal/m?/hr/degree if the geometrical 
surface instead of the heat-losing surface is con- 
sidered. 
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at Total Insulation, of Clothing plus air, needed 
~ = for different Metabolic Rates 


1=0082(91.4-T°F) 
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-50 -40 -30-20 -IO O 10 20 30°C 

Fig. 1. Total insulation (I, + I,) for different 
environmental temperatures and metabolic rates. 
For the insulation of clothing required (I.1), the 
insulation of air (I,), dependent on wind, must be 
subtracted from the total insulation. (From Bur- 
ton, 1.) 





velocity in m/sec; and vo equals 1 m/sec in 
reclining supine man. By rearrangement, 


T, — (Ta — HW) 
Te + Tes 


As I,; becomes large, the significance of the wind 
decrement decreases. Thus, with the standard 
clothing value, the total insulation could change 
by 45% as the wind increased; while with four 
times the standard clothing, the change would 





H = 


Thermal Wind Decrement, for various wind speeds. 
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Fic. 2. The thermal wind decrement to be sub- 
tracted from the thermometer reading to give the 
equivalent still-air temperature. (From Burton, 
1.) 
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not exceed 16%. Figure 2, a further example 
from Burton (1), illustrates the wind decrement 
for various wind speeds at three levels of metabo- 
lism. 

To continue the analysis of environmental 
stress as it has been presented by Burton, the 
final consideration at air temperatures below 21°C 
involves the heat gain from solar radiation (R). 
This heat will be added at the clothing surface: 





eo ee H+R<«22- 
Te I, 
“2 T, — (Ta + RI,) 
Ia + I, 


Figure 3 illustrates the radiation increment for 
different cloudiness, clothing colors and wind 
speeds. As I,; increases, the addition from radia- 
tion will also decrease in significance. Thus, a 
statement of the environmental stress at tempera- 
tures below 21°C should include: air temperature, 
wind decrement, and radiation increment. 

Numerous methods of combining these factors 
such as température resultante, operative tem- 
perature, cooling power, standard operative 
temperature and cooling temperature have been 
summarized by Buettner (2). Siple’s (9) wind 
chill index has limitations; its successful feature 
has been aptly assessed by Burton (1) in refer- 
ence to the exposed face. The mechanisms 
available for maintenance of heat balance with 
negative heat load are: increased heat production 
and added insulation. 

Departure from the steady state will be evi- 
denced by: 1) an increased heat production, 2) 
a decreased skin temperature and 3) a decreased 


Mean Thermal Radiation Increment 
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Fie. 3. Chart for estimating thermal radiation 
increment to be added to the temperature to give 
the equivalent shade-temperature. (From Burton, 
42) 
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PROCEDURE: 
140, T T + + ¥ t r Enter A, dropping vertical line from intercept of globe 
ENVIRONMENTAL temperature with air speed; gives combined heat load 
HEAT LOAD of radiation and convection. Extend vertical line to 
130- Enter B. At intercept with metabolism, draw horizontal 
c & line; obtain total heat load in terms of evaporation 
e required for heat balance (Ereq). Extend horizontal 
¥ 120F . line to Enter C. 
4 Enter X. Draw horizontal line from intercept of dry and 
F EXAMPLE 7 wet bulb temperature; obtain vapor pressure gradient 
w ilo A---— 4 between saturated skin at 95°F. and ambient air. Ex- 
= AIR SPEED tend horizontal line to 
a (FT/MIN) Enter Y. At intercept with air speed draw vertical line; 
yw !OOF 7 obtain maximum evaporation from wet skin at 95°F. 
s | (Emax). Extend vertical line to 
4 | Enter Z. Proceed to intercept with horizontal line from C. 
90F | 7 (If Emax exceeds 2400, enter Z at 2400): 
I Read heat stress index value. 
$ EX: Metabolism 600 (light arm work standing at bench). 
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This index represents a rational approach to evaluation of heat stress in terms of: /. thermal load which is imposed on a stand- 
ard man; 2 capacity of the environment to accept the load; and 8. physiological capacity to meet the demands over a period 
of 8 hours. 

The standard man represents a composite of young, fit, acclimatized men who have been subjects of physiological investiga- 
tion of the effects of heat in the laboratory and in the field. 


Fig. 4. Flow charts for determining heat stress index values. Example: globe 110, dry bulb 90, wet 
bulb 75, air speed 100, metabolism 600. For solution, follow broken lines: Heat stress = 90. (From Beld- 
ing and Hatch, 5.) 
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body temperature. A decrease in skin tempera- 
ture may be evidence of added insulation, al- 
though decreases in both skin and rectal tempera- 
ture indicate body cooling, or a heat debt. 
Carlson et al. (10) have demonstrated an inverse 
relationship between the body insulation and the 
body specific gravity. 

Increased heat production may involve muscle 
tenseness (11) and then shivering, although a 
true chemical regulation in animals has been 
described (12). The adequate stimulus for shiver- 
ing has been postulated to be a combination of the 
rate at which cold-sensitive end-organs are dis- 
charged, the number stimulated and the thermal 
state of the temperature-regulating center (13). 

Comfort as an endpoint in exposure experi- 
ments is open to serious question, as it depends on 
previous exposure (14). The strain is more ade- 
quately assessed by measuring changes in body 
heat content and metabolism. The use of thermal 
gradient calorimetry has been attempted (15), 
and its use should be continued, particularly in 
view of development of non-compressible insulat- 
ing materials. 

With standard clothing, conditions which warm 
the body will occur at temperatures above 21°C. 
The equations, appropriately changed, will also 
apply to other standards of clothing. If the insu- 
lation of clothing is disregarded for simplicity, 

Ts, — Ta 


H + 0.15R — = 


During sweating, 


T, sii (Ta + Hf) 


= fof(es — ea) 


M + 0.15R — 





where 9; is a function of body size and posture; 
§2 is a function of wind velocity; f is the caloric 
loss per unit vapor pressure difference; e, equals 
42 mm Hg for wet skin at 35°C; e, equals vapor 
pressure of air; and 0.15R equals an estimate of 
the average radiant gain to body when radia- 
tion is given in Keal/m?/hr. 

The environmental stress at temperatures 
above 21°C in the clothed individual include: 
air temperature, wind velocity, radiation gain 
and water vapor pressure. The mechanisms 
available for maintenance of heat balance are 
increased circulation to the skin and evapora- 
tion. Buettner’s work (16) emphasizes the fact 
that sweat and diffusion are combined in net 
water loss, the amount of diffusion being influ- 
enced by vapor pressure or the wetness of the 
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skin. Departure from the steady state will be 
evidenced by: /) an increase in skin tempera- 
ture and 2) an increase in body temperature. 

These factors have been combined into indices 
of strain by Robinson (17) and by Craig (18), 
who used the increase in rectal temperature, the 
amount of sweat produced and the increase in 
heart rate, which indicates the circulatory re- 
sponse. The use of these factors is illustrated in 
the graphical presentations of Belding and Hatch 
(fig. 4), and of Mauch (19). 

The emphasis in this report has been on the 
major considerations of environmental stress and 
on the resulting physiological strain. Of course, 
many assumptions and generalizations have been 
included; I admit these hazards but emphasize 
again the need, in every experiment, for specific 
information on the items listed and the value of 
recording sufficient data for comparison of the 
physiological strains under various conditions. 


REFERENCES 


1. Burton, A. C. anp O. G. EpHoum. In: Manin 
a Cold Environment. London: Arnold, 1955, 
xiv, 273 pp. 

2. Buettner, K. J. K. In: Compendium of 
Meteorology. Boston: American Meteorological 
Society, 1951. 

3. WinsLow, C.-E. A., A. P. GaccE anp L., P. 
HERRINGTON. Am. J. Physiol. 127: 505, 1939. 

4. BLock.ey, W. V., J. W. McCurcuan anp C. L. 
TayLtor. WADC Technical Report 53-346, 
1954. 

5. Betpine, H. 8. ann T. F. Hatcu. Reprinted 
from ASHAE Journal Section, Heating, Piping, 
Air Conditioning August 1955, p. 129. 

6. Harpy, J. D. anp E. F. DuBois. J. Nutrition 
15: 477, 1938. 

7. WEZzLER, K. German Aviation Med. 2: 792, 1950. 

8. Gaaas, A. P., A.C. Burton anv H. C. Bazert. 
Science 94: 428, 1941. 

9. Srpue, P. A. In: Clothing Test Methods, edited 
by L. H. Newsercu anp M. Harais. National 
Research Council, 1945. 

10. Cartson, L. D., A. C. L. Hsien, F. Fuuiine- 
TON AND R. W. Exsner. In manuscript. 

11. Burton, A. C. anp S. W. Bronk. Am. J. 
Physiol. 119: 284, 1937. 

12. Corrie, W. H. anp L. D. Cartson. Proc. Soe. 
Soc. Exper. Biol. & Med. 92: 845, 1956. 

13. Caruson, L. D. Proc. Soc. Exper. Biol. & Med. 
85: 303, 1954. 

14. ANonymous. In: Physiology of Flight, AF 
Manual 160-30. Washington: Department of 
the Air Force, 1953, p. 79. 

15. Youne, A. C., L. D. Cartson ann H. L. 








the 
and 


in in 
1955, 


rn of 


gical 


1939. 
C.L. 
-346, 


nted 
ping, 


ition 


1950. 
LETT. 


dited 
ional 


LING- 
n. J. 
, Soc. 
Med. 


, AF 
nt of 


We Fs 





July 1967 


Burns. Arctic Aeromed. Lab. Proj. Rep. 8-7951, 
1955. 

16. Buettner, K. J. Appl. Physiol. 6: 229, 1953; 
Fed. Proc. 15: 27, 1956. 

17. Rosinson, S., E.S. Turret anp S. D. Gerx- 
ING. Am. J. Physiol. 145: 21, 1945. 


BIOCLIMATOLOGY 


613 


18. Craig, F. N. Medical Division Research Re- 
port No. 5, Chemical Corps Army Chemical 
Center, 1950. 

19. Maucu, H. A. anp J. W. McCurcuan. Data 
Source:. WADC Technical Report 53-346, 
1954. 


AEROSOLS AS ALLERGENS 


SaMuEL M. FEINBERG AND ALAN R. FEINBERG 


From the Department of Medicine and Allergy Clinic, Northwestern University Medical School, 
Chicago, Illinois 


1. THIS PRESENTATION we shall not only accept 
the broad definition of aerosols as ‘a suspension 
of fine solid or liquid particles in air or gas, as 
smoke, fog or mist,’ but shall broaden it further 
to include larger particles such as pollen, dust etc., 
which can reach our mucous membranes. How 
important are such inhalants in the production of 
allergic disease? 

About 7 or 8 million people in this country 
suffer every year from hay fever. This not only 
produces much inconvenience, but results in mil- 
lions of days of loss from work or school and in 
complications such as asthma, sinus infection 
and impaired hearing. The season and its dura- 
tion vary depending on the variety of substances 
to which the sufferer is sensitive and the geo- 
graphical location. Such symptoms are caused 
mainly by the pollens of ragweed, grasses and 
other plants, fungus spores and insect dusts. Non- 
seasonal allergic rhinitis is also quite common, 
and about half of such cases are known to be 
caused by air-borne substances. 

Tess frequent but more serious is asthma. It 
may vary in severity from minor, occasional at- 
tacks of shortness of breath to frequent or per- 
sistent and disabling disease. The most important 
complication is emphysema—a stretching of the 
lung sacs and a loss of the elastic property of the 
lungs. This may result in breathlessness on slight 
exertion and permanent disability. Asthma is one 
of the most disabling diseases and we must re- 
member that we have 2 to 3 million such people 
in this country, and in more than half of these 
inhalant allergens can be demonstrated as a ma- 
jor cause. 

Other diseases which may be produced by air- 
borne allergens are conjunctivitis and atopic 
dermatitis. 


’ 
— a) ©) 


SPECIFIC CAUSES 


On exposure and re-exposure to inhalant aller- 
gens only a selected proportion of the population 
develops an allergy. This predisposition appears 
to be dependent on as yet unknown constitu- 
tional factors. Heredity plays an important part 
in this tendency. 

Of the inhalant agents responsible for allergy, 
pollen is the most frequent. Usually only wind- 
borne pollen is involved, since insect vectored 
pollens are large, heavy and sticky and only on 
very close contact with the plantcan they produce 
symptoms. The wind-borne pollens are in the size 
range of about 10-20 micra. In the United States 
the most important pollen causing allergy is that 
of ragweed. The season in the Midwest and East 
is about the second week of August to the end of 
September, while in the South it is later. The 
Western part of the United States is virtually 
free from ragweed. Another important group of 
plants is the grass family, while a third, produc- 
ing spring symptoms, is usually caused by the 
pollen of trees. But there is a wide variety of 
pollen-producing plants, such as sage, Russian 
thistle, kochia, English plantain, mesquite and 
many others, which determine the pollen problem 
in particular localities. The amounts of pollen 
have a large bearing on the incidence and inten- 
sity of the allergy. These amounts vary with 
many factors, such as the general climate and 
soil conditions, the pre-flowering abundance of 
rainfall, sunshine, temperature, wind velocity and 
perhaps other factors. 

Up until about 25 years ago molds as causes of 
asthma and hay fever were regarded as medical 
curiosities. At about that time our own observa- 
tions and those of some others indicated that the 
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air-borne spores of the common soil fungi are re- 
sponsible for a large number of the respiratory 
allergies. Subsequent experience has amply con- 
firmed this concept and it is now generally agreed 
that mold spores are next to pollen in importance 
as causes of asthma and hay fever. The molds 
which give rise to these spores are common soil 
fungi which live particularly on grains and grasses 
and in the soil where such plants grow. Alternaria 
and hormodendrum are perhaps the most impor- 
tant, but there are many other fungi which must 
be considered. Most of these spores vary in size 
from about 2-50 micra. The Midwest, bread bas- 
ket of this country, is the most important area 
for this type of mold allergy. No location can be 
said to be free of molds, but the dry areas and 
the high altitudes have negligible amounts. De- 
spite the high temperatures or humidity of cer- 
tain areas, such as the extreme South or the 
West Coast, mold allergy is much less frequent 
there than in the Midwest, apparently due to the 
fact that the plant life indigenous to these areas 
does not support the type of fungi which are apt 
to sensitize. 

The stings of insects have been frequently 
known to produce severe and even fatal allergic 
reactions. The first instance of such a reaction 
was recorded in 2641 B. c. when, according to 
hieroglyphics found at his tomb, King Menes of 
Egypt was stung to death by a wasp or hornet. 
The scales, hairs and dusts of special insects in 
special environments or occupations have been 
reported as causes of asthma and hay fever. Re- 
cently we have presented evidence that insect 
dusts are common causes of allergy and that the 
origin of this dust is probably from the debris of 
disintegrated insect life in the top soil and vege- 
tation rather than from the living insect in the 
air. This is a relatively new field and much work 
needs to be done to develop it. 

Thus far we have spoken chiefly about seasonal 
allergy. There is a host of substances non-seasonal 
in nature, producing similar effects. The dan- 
druffs from a number of animals which commonly 
produce allergy are those of the dog, cat and 
horse. Among medical students and research 
workers we have seen many instances of allergy 
to the dandruff of guinea pigs, rats, mice and 
rabbits. Other animals have also been known to 
produce allergy. Many people with asthma and 
rhinitis react to house dust. The actual ingredient 
in such dust responsible for the allergy has not 
been identified. It is known, however, when such 
organic material as cotton linters in the mattress 
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and furniture ages a substance is produced which 
seems capable of acting as an allergen. Although 
the evidence is not yet complete it would appear 
that such ‘house dust’ antigens are more readily 
formed in certain climates, particularly where it 
is damp. 

There are many other air-borne substances re- 
sponsible for allergic symptoms. The list is too 
large to discuss and we shall only mention several 
representative ones here: starches in cosmetics; 
vegetable gums (Karaya, acacia, tragacanth, flax- 
weed, quinceseed) for hair-setting and other pur- 
poses; penicillin and streptomycin as sprays or 
from occupational exposures; castor bean dust as 
an air contaminant from its source of processing 
or from its use as a fertilizer; occupational ex- 
posures, such as from chlorinated compounds, 
dyes and many other chemicals. It is well known 
also that the odors or vapors from cooking or even 
raw foods may produce allergic symptoms. This 
is particularly true of such foods as fish and eggs. 
That this is not a matter of psychic suggestion 
we have demonstrated several years ago. Peas 
were cooked in an open utensil. A dish of salt 
solution was exposed several feet away. The salt 
solution was then sterilized by Berkfeld filtration. 
An intradermal injection (suitably controlled) of 
this solution gave a positive reaction in a patient 
who gave a history of asthma occurring while 
peas were being cooked. 


SECONDARY AIR-BORNE CAUSES 


In addition to the known specifically allergenic 
inhalant substances there are a number of condi- 
tions of the atmosphere which act as secondary 
irritants, producing the effect of further irritating 
the membranes so as to diminish their tolerance 
for the allergens. In some instances it has not 
been adequately ascertained whether such a cause 
is secondary or actually allergenic. Such well- 
known influences are soft coal smoke, smog, to- 
bacco smoke, gasoline fumes, strong odors of any 
kind and irritating chemical fumes or dusts. Some 
of these irritants are parts of industrial wastes 
and general pollution of the atmosphere. It is not 
unusual for a suburbanite to start off from home 
feeling fine and be in the throes of an asthma 
attack by the time he reaches the heart of 
Chicago. 

Mechanical irritation from dusts may produce 
similar effects. Dust storms in Arizona frequently 
aggravate respiratory allergies. Road dust. will 
produce violent symptoms in the seasonal hay 
fever patient, while out of season it will cause no 
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more discomfort than in the non-allergic individ- 
ual. Some of the effects of windstorms are due to 
the mechanical irritation from dust. The school 
teacher who has allergic rhinitis almost invari- 
ably attributes it to chalk dust. In no case have 
we been able to demonstrate an allergy to chalk, 
and it is quite obvious that this dust acts me- 
chanically to irritate a nose allergically sensitive 
to something else. 

The problem of air pollution by the activities 
of mankind is one of the least developed problems 
and is increasingly important to the welfare of 
man. It is for the purpose of discussing these fac- 
tors and the effects of weather and climate that 
these symposia have been scheduled. 


MANAGEMENT OF ALLERGY FROM AIR-BORNE 
SUBSTANCES 


To complete the picture of the medical prob- 
lem before us as a result of air-borne causes of 
allergy we shall briefly outline the customary 
management of these situations. For the tempo- 
rary relief of attacks of asthma or allergic rhinitis 
we depend on such drugs as bronchodilators 
(aminophylline, isopropylepinephrine), sympa- 
thomimetics (epinephrine, ephedrine), antihista- 
mines, iodides, cortisone, prednisone, ACTH and 
other drugs. Where the specific causes cannot be 
ascertained, such and similar drugs may consti- 
tute the only means of relief. 

The specific management of allergy due to in- 
halants has one of two, and frequently both, 
objectives. Avoiding the allergenic substances is 
the most desirable goal. In some cases this can be 
accomplished with completeness and with a per- 
manent relief of symptoms. Among such com- 
pletely avoidable items are dogs, cats, feather 
pillows and occupational exposures. In the more 


BIOCLIMATOLOGY 


615 


common air-borne causes such elimination proc- 
esses are not total. In such instances placing a 
barrier between the allergen and the patient may 
be of help. This ineludes such procedures as cover- 
ing the mattress with a dust-proof casing, the use 
of window filters, complete air-conditioning of 
the home, clearing the air of particulate matter 
with the aid of electrostatic apparatus and the 
use of face masks. 

The question of climatic changes and influence 
is a complex one. Some of the effects are known 
and predictable, others are obscure. Those who 
are allergic to specific pollens or molds can be 
steered to areas where these allergens are absent 
or markedly diminished. Dust allergy cases will 
probably have symptoms anywhere. A warm, or 
dry climate may have a salubrious effect on the 
mucous membranes in spite of the presence of 
the allergenic factor. Getting away from the 
country may produce improvement by diminish- 
ing the allergenic exposure. Moving to the coun- 
try, on the other hand, may benefit the individual 
because he escapes irritants. Where infection is 
an important cause climatic changes may help. 
Other effects of climate are less definitive and 
may be perhaps the result of general improved 
health, getting away from the stresses and strains 
of work and domestic life, or may be purely sug- 
gestive. Our experience is that climatic changes 
must be approached rationally and at all times 
on a trial basis. 

When inhalant allergens can be avoided only 
partially or not at all it is important to try to 
increase the individual’s tolerance to them. The 
process of desensitization is a slow one and not 
perfect, but it is at the present time, next to 
elimination measures, the most important ap- 
proach for lasting benefit in such allergies. 


METEOROLOGICAL CONSIDERATIONS IN RAGWEED HAY 
FEVER RESEARCH 


A. NELSON DiNnGueE! 


From the Meteorological Laboratory, University of Michigan, Ann Arbor, Michigan 


7. PROBLEM of ragweed hay fever is an 
interesting research topic despite its complexity 


‘Publication No. 2 on Atmospheric Pollution 
by Aeroallergens under research grant No. E-1379 
(C) from the National Institute of Allergy and 
Infectious Diseases, Public Health Service. 


because of its apparent impact upon the Ameri- 
can populace. It was estimated in 1940 that 2-4% 
of the entire population of the United States 
suffered from hay fever (1). In a 1938 survey of 
1,000 families in a city of 35,000, it was found 
that 10% of the individuals had hay fever (2). 
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In 1950 it was reported that the prevalence of 
hay fever had shown regular year by year in- 
creases (3). Thus it is conservative to say that 
there are today about five million hay fever 
sufferers in the United States. Not all of these 
are sensitive to ragweed pollen, but it is gen- 
erally agreed that in this country, of all the 
cources of allergenic substances, ragweed is 
probably the greatest offender because of its 
ubiquitous nature, its prodigious production of 
pollen and the special adaptation by virtue of 
size, shape and density of its pollen grains for 
airborne dissemination. 

Obviously, because of the mode of pollination 
of Ambrosia, meteorological implications enter 
the study of ragweed hay fever. We shall see that 
there are many additional points of meteorolog- 
ical interest in the total problem. 

It is perhaps appropriate to consider for a 
moment what the total problem consists of. 
Briefly, it starts with germination of the Ambrosia 
seed, continues through pollen ripening and 
release, pollen transport, intake by the patient, 
the allergic response that is hay fever, and ends 
with the therapy employed. At any point of this 
‘seed-to-sneeze-to-treatment’ sequence, a crucial 
finding could alleviate or even completely banish 
the disease of pollinosis. It is this fact, together 
with the evident importance of the disease, that 
justifies some allocation of monetary and scien- 
tific manpower resources for a comprehensive 
attack upon the problem. Meteorological factors 
appear to have significance at nearly all stages of 
development of the disease. 


POLLEN PRODUCTION 


Pollen may be considered as a crop much the 
same way as cereal grains or hay or vegetables 
are considered. It is a plant product that is con- 
tributed to by the health and vigor of the parent 
plant, and these in turn are subject to environ- 
mental factors which include the weather. 

1) Distribution of Ambrosia. Perhaps the first 
consideration involving weather is that of the 
distribution of the plant. In great measure, the 

climate controls the geographic distribution of 
any particular plant species. In detail, the loca- 
tion and vigor of a particular plant is affected by 
its microclimate which is a product not only of 
the weather but also of the terrain, surrounding 
vegetation, type of soil, soil moisture and so 
forth. Although the general ecology of the 
Ambrosias is fairly well known, relatively few 
specific data on the microclimates associated 
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with ragweed plant communities exist. Meteoro- 
logical interest, therefore, enters the study of rag- 
weed distribution in at least two regards, a) the 
gross over-all climatic determination of the 
ranges of various subspecies and }) the micro- 
meteorological determination of the health, vigor 
and pollen productivity of individual plants. 

2) Phenology. The relation of stages in the de- 
velopment of a plant to the weather conditions 
and events that affect it is called the phenology of 
the plant. In certain well-known cases (4, 5) in 
which the phenology of crop plants has been stud- 
ied carefully, it has been possible to distribute 
harvest schedules in time by exerting appropriate 
control over the times of planting different fields. 
This is done on the basis of a knowledge of the 
response of the plants to the meteorological ob- 
servables and a knowledge of the local clima- 
tology, or average behavior, of these observables, 
As the season advances, summation of the ob- 
served meteorological quantities in an appropri- 
ate manner yields increasingly precise predic- 
tions of the proper harvest time for each plot. 

This same principle can be applied to the 
problem of determining any specified stage of de- 
velopment of a ragweed plant. It appears entirely 
possible that, for example, the stages of ragweed 
development at which herbicides would be most 
effective might be predicted very accurately by 
this means. Several other possibilities of opening 
an effective attack upon the pollen producers and 
of predicting for the benefit of preventive ther- 
apy are readily envisioned. Each calls for the use 
of advanced knowledge in at least one specialty 
such as plant ecology, herbicide chemistry, 
physiology or medicine in addition to meteor- 
ology. Herein lie the special dividends derivable 
from collaborations developed in team research. 

3) Pollen Yield and Quality. To the extent that 
the phenological relationships are established for 
a plant and the relation of plant vigor to crop 
production is known, it is possible to apply 
weather data to pre-season estimations of crop 
character and yield (6). 

Two distinct items of information appear to be 
pertinent. The first is the crop yield, which in the 
present case is the relative amount of ragweed 
pollen that will be produced. Suitable collabo- 
ration between meteorologists and botanists is 
leading to the development of predictors for this 
kind of information. One of the more difficult 
problems arises in obtaining a reliable measure of 
the total quantity of pollen produced. 

The second item of information that might be 
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predicted successfully is the quality of the pollen 
crop, or in other words, its relative anti- 
genicity per pollen grain. It is well known, for 
example, that the quality of wheat may be 
changed drastically by drought as contrasted to 
ample moisture. The literature contains sub- 
jective observations of an effect of this type upon 
ragweed pollen (7, 8). Good objective measures of 
antigenicity are required to make such obser- 
vations completely satisfactory, but the pos- 
sibility of establishing predictors is certainly 
present and interesting. Furthermore, in the 
process of arriving at such predictors, the 
knowledge gained about those factors that are 
significant in generating antigenicity in the pollen 
grains may well lead to preventive measures to be 
applied to the weed. 


POLLEN TRANSPORT 


It is not necessary to dwell upon the ane- 
mophilous, that is, wind pollinated, nature of the 
Ambrosias. It is by virtue of this characteristic 
primarily that meteorology enters the field of 
ragweed allergy. However, it may be appropriate 
here to point out some of the details, known 
and/or hypothetical, of the air-transport process. 

1) Available Theory. Two distinct approaches 
have been developed theoretically, each of which 
has its special applicability. The first is the 
molecular diffusion theory approach put forward 
by Schmidt (9) and modified by Rombakis (10). 
The second is the statistical approach developed 
by Sutton (11, 12) on the basis of earlier theo- 
retical studies by Taylor (13). This development 
has been contributed to by Bosanquet and 
Pearson (14) and more recently by Chamberlain 
(15). The salient features and the most im- 
mediately useful results of each theory are dis- 
cussed below. 

a) Schmidt-Rombakis theory. Schmidt (9) ap- 
plied classical diffusion theory to derive equations 
for the probable vertical distribution and 
horizontal transport of the ‘Luftplankton’ (all 
the small particles of living matter that become 
airborne such as spores, pollens, seeds, insect 
eggs, bacteria and viruses). 

The diffusion equation is: 

S ieee (1) 
Ge” A One 


The solution to this equation gives the vertical 
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distribution of s as a function of time, t: 





Q e727 /mt 


V amt 


“~ (2) 
In these equations, 
Q is the number of pollen grains projected 
across level 2 per unit area and unit time. 
s is the number of pollen grains per unit mass 
of air at any height, z, above the source at 
time, ¢ > 0. 
Ais the mass exchange coefficient, assumed 
constant for the present analysis. 
p is the air density. : 
m= 4 = 
p 
e = 2.71828, the Napierian base. 
It follows that the fraction, ¢/Q, of the released 
pollen grains that will be found above height z 
after time ¢ is 


va = 4{1- 0(—-)} 


in which ® is the Gaussian Error Integral, the 
argument in this case being u = 2/*/mt 


2 fe, 
0) == [| de 


Introducing at this point the settling speed, c, of 
the particles, and considering that the air moves 
horizontally with a wind speed, v, carrying 
particles downstream, Schmidt finally derived 
expressions for the least flight duration, 7, for 
the 1% of the particles that are carried farthest 





(3) 


(4) 


T= 2.7 7: (6) 
for the least flight distance, F, of the same 
portion of the particles, 

Fe=oT = 27 50: (6) 
and for the maximum height attained by the 
lowest flying of this portion of the particles, Z, 

Z 0.675 = (7) 
Rombakis modified the Schmidt derivations 


by adding a sedimentation term to the diffusion 
equation: 


(8) 
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which provides a more valid initial approach. 
This results in the equation 


2 
/Q = —= 
ent? 





ee?t/m f e722 /mt)—(2e]m)z dz (9) 
ml 2 

in place of equation 3. Defining a ‘probable 
flight path’ as that along which ¢/Q = 4, that 
is to say, equal numbers of particles are dis- 
tributed above and below this ‘path’, Rombakis 
transformed equation 9 to an error function 
expression and derived expressions for the 
‘probable flight path’ 


Z = 0.4769-V/ mt — ct: (10) 

the ‘probable flight distance’, X, 
X = 0.2275 m5: (11) 

the ‘probable flight duration’, r, 
r= 0.2275 5: (12) 


the ‘maximum probable flight altitude’, Z» , 
Zm = 0.0569": (13) 
and the ‘probable terminal speed of fall’, y, 


(14) 


y= 


Noire 


On the basis of these results, Rombakis com- 
puted a table of values of X, Z» and 7 for nine 
different spores, pollens and seeds for two differ- 
ent values of m, and for five different wind speeds. 
A set of curves showing the probable flight 
paths of ragweed pollen grains (Ambrosia elatior) 
for various conditions is presented in figure 1. 

It is clear that the form of Rombakis’ solution 
is the same as that of Schmidt’s. An additional 






































80 I m=2ni/sec 
70 eS | m=5m/sec —— — 
/ rs NY | | 
ed BY, y | NS | 
B N 
E 50| 1/ ty ~ | 
= aol v=2 V=4m/sec 
a | \I at 
cane | at 
i | ‘ 
=20 t t 
10 | =10. 
0 ; 











° 


o.' So a0 ep 60° 60 96 80 
Distonce,x, in kilometers 
Fig. 1. Probable flight paths for ragweed pollen 
grains (Ambrosia elatior). Computed from equation 
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contribution of Rombakis is the analysis of the 
problem using methods of statistical physics, 
This analysis leads independently to identical 
expressions. 

A basic difficulty with this general approach 
is the fact that the eddy diffusion coefficient, 
K = A/p = m/4, varies through about 8 orders 
of magnitude (from 10% to 10" cgs) in the at- 
mosphere. In actual molecular diffusion processes, 
for which this theory has been proven adequate, 
the diffusion coefficient is much more nearly con- 
stant. One concludes, therefore, that molecular 
diffusion theory is less than adequate to explain 
eddy diffusion processes in the atmosphere, 
although as a first approximation and for general 
results such as those given above, it is useful. 
Accordingly, the statistical approach of Taylor 
has been developed in the expectation that it 
may more appropriately express atmospheric 
turbulence processes. 

b) Statistical theory. Taylor (13) proposed that 
a process of mixing by eddy motions might be 
described statistically. If Re is the correlation 
coefficient relating the initial velocity of a particle 
to its velocity £ seconds later, and if the mean 
eddying energy does not vary with time during 
the period considered, then the scatter of a group 
of particles may be measured in terms of the 
standard deviation, o, of their distances from an 
origin after 7 seconds: 

T t 
a= ous | [Rede al (18) 
0 0 
In this expression, wu’ is the perturbation velocity 
defined by 


u=tatit+u’ (16) 
where wu is the instantaneous wind velocity and 
% is the average wind velocity over some finite 
time period. It follows that over this same finite 


time period 


u' =0 


(17) 


Using dimensional analysis, Sutton (11) de- 
vised an explicit form of the correlation coefficient 
R: in terms of the kinematic viscosity of air, 
y, and the perturbation velocity, 


v n 
sa (755) 


In this relation, is a positive number between 
0 and 1 that depends upon the wind structure 
near the ground. 
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Sutton than proceeded to find functions that TABLE 1. VELOCITY OF DEPOSITION, Vg, FOR LY- 


would satisfy the new form of equation 15: COPODIUM SPORES (164 DIAMETER) IN RELATION 
TO WIND SPEED 




















T t 
o? = Qu” | | (—5)" di dt (19) Gregory |wind speed, 
0 Jo \U t+ ure (16) u m/sec.| 9.2 | 5.6 | 3.2] 1.7] 1.1 
v, cm/sec. .| 2.3 | 1.3 | 0.2 | 0.3 | 0.7 
and at the same time would meet the boundary a 
e,e * o£ s e ° . amber- 

ae and satisf y poe sanyo. — iain (Sin tatanes. | 8.8 =e 16 
The func tion expressing diffusion from a continu- y, cm/ecc..| 2.1 11 05 
ously emitting point source near the ground is 

2Q : 
x(2, y, 2) = xC, C, ia Ca" data (table 1), which show ina general way that 


v, increases with increasing wind speed.,Referring 
exo[ #25 a I (20) to table 1, Gregory’s experiment was done in a 
Cc, CP small wind tunnel whereas Chamberlain’s was 
done outdoors. The agreement is quite good 
between these two very different experiments, 
but the wind tunnel (Gregory) apparently gives 
less consistent results at the lower wind speeds. 
Chamberlain points out that, as deposition pro- 
ceeds from the lower portions of a cloud of air- 
borne particulate matter, the vertical distribu- 
tion of the material is modified and the total 
amount of material remaining airborne is de- 
pleted. Because the rate of deposition depends 
upon »v, , it turns out that at a given distance, z, 
from a source of variously sized particles, one 
particular particle (i.e. value of v,) will give a 
maximum deposition rate, w. The value of v, 
that gives maximum deposition rate at distance 
x is designated v,+. The equation for vg+ is found 
setting the derivative dw/dv, equal to zero: 


in which x is the concentration of material (dust, 
smoke, aerosol etc.) at the point (z, y, z); Q 
is the rate of emission of material from the 
source; and C, and C, are generalized diffusion 
coefficients in the cross wind and vertical direc- 
tions, respectively. 

Application of the statistical theory to prob- 
lems of the spread of smoke and gases from 
industrial stacks was first developed by Bosan- 
quet and Pearson (14). Sutton’s more recent 
work (12) has incorporated some of the features 
of the Bosanquet and Pearson applications and 
has produced expressions that fit observational 
data somewhat better. 

Chamberlain (15) has extended Sutton’s 
theory to account for deposition. Introducing 
the concept of a velocity of deposition, v,, 


which is defined as nuC, / 7 


Vge = pect 
g 4 2" 





(23) 
Amount deposited per cm? of 

= surface each second (g1) Using typical values: n = 0.25, C, = 0.12, and 

Volumetric concentration per’ taking u = 5m/sec the value of v,+ corresponding 

cm* above surface to z = 10 km is vg* = 2.0 cm/sec. Thus, of all 

particles released to the air from a point source 

under the conditions stated, those contributing 

most heavily (in proportion to their initial num- 





Ug 


Chamberlain derives an equation for the rate 
of deposition, w, of particulate matter at the 





point (x, y): ber) to total deposition 10 km downwind would 
: 2Qu, be the particles characterized by v, = 2.0 cm/sec, 

w(t, y) = 4Cy C, ax" Chamberlain has also considered the effect of 
a si (22) rain-washing of the particulate cloud. Essen- 

exp 5 re 404 | exp fe tially he has applied the Langmuir (17) collision 
i niiC, T Cx efficiencies, EH(r, s), to determine the rate of 


removal, A(r, s) of particulates of radius r by 


The deposition rate on the ‘plume’ axis can be A i 
raindrops of radius s: 


found from equation 22 by setting y = 0. 
The importance of the process of impaction of Ar, s) = ms*N(s)v(s)E(r, 8) ds. (24) 

particulate material in promoting deposition is 

xecounted for in a measure by the use of v,. The application of this equation requires knowl- 

Of necessity v, is evaluated from experimental edge of the drop size spectrum of the rain so that 












Equation (20), u=5m/sec, cy = 0.21 ,C,=0.12, 920.25 


x,in meters 


| 
| Equation(20) modified to 
10°}— account for deposition 
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Fig. 2. Air concentration, x at ground level 
directly downwind from ground level source as a 
function of distance, 100 m to 100 km, for particles 
having v, = 2 and 4 cm/sec. (after Chamberlain, 
1956). 


an integration can be made over all sizes of rain- 
drops. Using rain spectrum data given by Best 
(18), Chamberlain finds for Lycopodium spores 
of 16u diameter that the attrition is 0.03%/sec. 
for a rainfall rate of 1 mm/hr. 

Figures 2 and 3 summarize Chamberlain’s 
results along the ‘plume’ axis. 

c) Relative merits of the theories. Direct com- 
parison of the results of the two theories is not 
readily achieved. In practice it has been found 
that Sutton’s equations agree much more nearly 
with observations in several cases than do those 
of Schmidt. There is wide agreement that the 
statistical theory applies to atmospheric diffusion 
much more adequately than molecular diffusion 
theory does. In studying the applicability of 
Chamberlain’s results to the problem at hand, 
namely, the dissemination of ragweed pollen, 
it is seen that a direct adaptation can be made. 

Fortunately the Lycopodium spores studied 
by Gregory (16, 19, 20) and by Chamberlain are 
similar aerodynamically to Ambrosia pollen 
grains. The pollen grains have slightly greater 
diameter than the spores, but the terminal fall 
speeds are nearly the same. Crawford (21) gives 
1.5 cm/sec. for the fall speed of Ambrosia pollen, 
and Gregory (19) indicates that Lycopodium 
spores fall at about 1.6 cm/sec. Thus it is reason- 
able to estimate that both of these particulates 
have v, values near 2.0 cm/sec. at wind speeds 
near 5 m/sec., and that Chamberlain’s curves 
for v, = 2.0 cm/sec. and his results for Lyco- 
podium spores apply also to Ambrosia pollen. 

2) Ragweed Pollen Transport in Outdoor 
Air. It turns out when one presses for details, 
that relatively little is known with any degree of 


102 - - - = a 
1"! 191° O°. \9) wee 10 19 
Rate of deposition ,w, per m-sec from unit source in wind of 5 m/sec 


Fie. 3. Deposition rate, w, directly downwind 
from ground level source as a function of distance, 
15 to 100 km, for particles having v, = 2 and4 
cm/sec. (after Chamberlain 1956). 


certainly about the exact process whereby rag- 
weed pollen grains leave their respective anthers 
and become airborne. One view is that, when the 
anther ripens, it opens violently and ejects its 
pollen more or less explosively. Another is that 
the ripened anther opens more gradually ex- 
posing the pollen to the atmosphere more or 
less passively. Gusts and eddies then must provide 
all the requisite energy to shake the pollen grains 
free and bear them aloft. The latter mechanism 
must be regarded as much less efficient for placing 
pollen into a gently flowing air stream than the 
‘anther explosion’ mechanism. When the air 
stream is more swift and hence also more turbu- 
lent, the release mechanism probably becomes less 
important. However, it is quite well established 
that most ragweed anthers open in the morning 
as soon as the dew has evaporated. This is a time 
of relatively gentle air motion usually, so that 
it may be quite important which mechanism 
actually operates. This point is under study by 
the botanists in the aeroallergen project at the 
University of Michigan. 

Atmospheric turbulence operating upon the 
space and time distribution of pollen grains 
released directly to the air stream determines 
the pollen dissemination pattern in the early 
part of the pollination season. Thus one should 
expect the dissemination pattern to be quite 
complex (22). It is of interest both to the mete 
orologist and to the allergist to know the nature 
of these patterns in relation to more readily 
measured parameters. 

a) Experimental studies of aerial distribution 
of pollen. Some experiments were conducted in 
1955 at the University of Michigan for the pur- 
pose of defining the behavior of a cloud of pollen 
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Fic. 4. Reconstruction of dispersal pattern of 
ragween pollen emitted from a point source, in- 
ferred from a three-dimensional array of impaction 
samples. Total emission time 30 sec. (Hewson 
and Dingle, 1956). 


released suddenly into the air stream (23). The 
results of these are shown graphically in figures 
4,5, and 6. By confining this experimentation to 
periods other than the natural pollination season 
for the Ambrosias, ragweed pollen could be used 
as a labeled particulate. The source in these 
experiments was a small dust atomizer, and a 
three-dimensional sampling array was_ used. 
Each of the four collapsible frames supported 19 
impaction sampling stations, and at each of these 
stations were mounted one coated microscope 
slide facing upwind and one facing vertically 
upward. In the first two experiments (figs. 4 
and 5), the array was oriented to be downwind 
from the source. In the third experiment, the 
objective was to bathe a small test room (fig. 6, 
low-roofed part of superstructure), with the pol- 
len cloud using the sampling array as a means of 
monitoring the cloud. Partly for this reason, but 
principally because other roof obstructions pro- 
hibited it, the array was not wind-oriented in this 
experiment. 

The air brush has been used to show gradation 
of pollen concentrations as they are inferred 
from the impaction patterns, and to help em- 
phasize the three-dimensional character of the 
fow. The artist’s dramatic inter- and extra- 
polations outside the sampling array help the 
effect but do not constitute data. 

Wind data were also taken during these tests, 
but the scale of the array is small compared to 
that of the turbulence elements, and hence sta- 
tistical theory cannot be applied properly to the 
observations. Detailed observations of the wind 
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Fia. 5. Reconstruction of dispersal pattern of 
ragweed pollen emitted from a point source, in- 
ferred from a three-dimensional array of impac- 
tion samples. Puffwise emission over 90-sec. 
period (Hewson and Dingle, 1956). 


structure and of the distribution of pollen con- 
centrations, taken in accord with a valid sta- 
tistical design, appear to hold the most promise of 
illuminating the pertinent relationships. Further 
experimentation is contemplated, but obviously 
the question of scale is a difficult one. 

b) Problem of reflotation. It appears almost 
certain that some pollen grains are picked up 
from their rest positions and refloated by the 
action of turbulent eddies. Thus even though a 
particular ragweed patch may have ceased 
pollinating, as long as heavy deposits of pollen 
lie on the leaves, such a patch will remain a 
source of airborne pollen. Furthermore, because 
of this process of reflotation, the sources of air- 
borne pollen are identifiable with blooming rag- 
weed only during the early part of the pollina- 
tion season. As time progresses, any surface from 
which a resting pollen grain can be refloated 
becomes a potential source. How far this process 
may go is not known. It is subject to investiga- 
tion with some difficulty by the use of ‘marked’ 
pollen, which may be rendered identifiable 
either by such a device as radioactive tracers or 
by the expedient of liberating pollen from a 
limited source ‘out-of-season’. The latter can 
be done either mechanically as described above, 
or botanically by growing ragweed in the green- 
house and forcing it to bloom ‘out-of-season’ by 
controlling the photoperiod. Needless to say, 
the use of ‘marked’ pollen offers many possibili- 
ties for profitable research. 

c) Marked pollen in deposition experiments. 
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Fig. 6. Reconstruction of dispersal pattern of 
ragweed pollen emitted from a point source, in- 
ferred from a three-dimensional array of impac- 
tion samples. Puffwise emission over 110-sec. 
period (Hewson and Dingle, 1956). 


It is appropriate to mention one use to which the 
greenhouse-forced-blooming method has been 
used at the University of Michigan. In this experi- 
ment, a number of hothouse-reared ragweed 
plants were brought to the blooming stage in 
late June 1956. These were then set out in a mown 
meadow and surrounded by upward-facing 
impaction samplers at distances of 10, 20, 40, 
80 and 160 ft. The samplers were supported 2 
ft. above the ground and were set on radial lines 
at 40° intervals. Pollen counts from this experi- 
ment have been totaled in figure 7. To construct 
this figure, the counts for each sampling period 
have been oriented according to the rules that 
the sampling ray nearest the total wind vector 
for the period must be directed along the +2 
direction, and that the wind speed must average 
at least 5 mph. As a result, figure 7 presents a 
composite average picture, over a period of 31 
hr, of the deposition from the pollen ‘plume’. 
The figures represent pollen deposition reduced 
to the average number of pollen grains caught 
in 6 hr. on 1 cm? of coated slide surface. The sym- 
metry of the 0.5 line, which forms the outer limit 
of shaded area, is remarkable, especially when 
viewed in contrast to the asymmetry of the pro- 
gressively denser areas near the source. The oc- 
currence of the high counts far to the left of the 
average wind direction serves to emphasize the 
fact that the deposition patterns are produced 
by two factors, the wind, and pollen availability. 
The interaction of these two is probably of great 
importance near the source where extremely 
high concentrations of pollen are encountered. 
Very small-scale, short-lived gusts or eddies 
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Fic. 7. Composite of ragweed pollen deposition 
at wind speeds greater than 5 mph as constructed 
from impaction samples taken 2 ft. above the 
ground. Source, S, was a 4-ft-square bed of hot- 
house-forced Ambrosia elatior set out in a mown 
meadow. Deposition values are grains per em? in 
6 hr. 


occurring at the time of maximum pollen release 
rate may contribute heavily to the deposition 
pattern without contributing substantially to 
the average wind vector. On the other hand, the 
more distant deposition pattern depends most 
heavily upon the average wind vector, and only 
slightly upon the wind details at the time of 
pollen release. Hence it would appear that such 
equations as that of Chamberlain (equation 22, 
above) are probably best applied to the mor 
distant portions of the ‘plume’ to which generali- 
zations such as the average wind speed can in 
fact apply. Reflotation of pollen grains is al 
additional factor which would tend to respond 
the average wind vector and to improve the sym 
metry of the deposition patterns with increasing 
distance. It is not clear at this juncture whether 
the reflotation effect can be isolated to improve 
the applicability of Chamberlain’s equation, but 
additional experimentation designed to evaluate 
reflotation directly is contemplated. 

3) Ragweed Pollen Penetration Into Enclosed 
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Fia. 8. Field test house for ragweed pollen pene- 
tration studies showing outside instrumentation. 
(Hewson and Dingle, 1956). 


Spaces. From the allergists’ viewpoint, pollen 
refuge is an important concept. The study of the 
penetration of ragweed pollen into buildings of 
yarious types by virtue of natural ventilation is 
pertinent both to this concept and to problems 
of controlled ventilation and air-conditioning 
from the engineering point of view. 

a) Experimental work. Studies of the penetra- 
tion of ragweed pollen into a standard construc- 
tion field-office structure (fig. 8) have shown that 
the natural ventilation of the building and the 
resulting pollen penetration depend both upon 
the wind speed and the wind direction (23). Al- 
though gustiness is probably responsible for 
most of the observed effect, the wind speed 
appears to be as good as any existing gustiness 
index for explaining observed pollen penetration 
rates. 

One general observation that is significant 
for the interpretation of pollen transport and 
penetration situations is that there are ordinarily 
thresholds of wind speed above which certain 
specific effects are observed. For example, pollen 
penetration into the field test house was insig- 
nificant until the wind exceeded 1 mph. Above 
that wind speed, penetration rates increased 
with increasing wind, but not uniformly. Dingle 
(24) found that a wind of about 15 mph was 
needed to elevate large numbers of pollen grains 
to a sampler stationed on the roof of a building, 
about 60 ft. above the ground. In studies of the 
movement of sand by the wind, Bagnold (25) 
reports that a wind of 11 mph, measured 10 
em above the sand surface, starts movement of 
sand grains, and Landsberg and Riley (26) state 
that a wind of 8 mph, measured 5 cm above the 
sand surface, produced movement of the sand 
grains. The thresholds having to do with the 
lifting and moving of particles at and near the 
ground may be primarily associated with the 
breakdown of the surface boundary layer of air 
tather than with the aerodynamic properties 
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of the particles concerned. As to the pencuation 
effects observed, it appears that increased wind 
turbulence, with the associated locally induced 
pressure variations, serves to ‘activate’ crackage 
areas of a building that remain effectively closed 
at lower wind speeds. Thus the ragweed pollen 
penetration rate is augmented by virtue of the 
two factors, and its relation to wind speed is not 
a simple curve. 

b) Theoretical treatment. Theoretical considera- 
tion of the pollen penetration problem leads to 
the differential equation 


WL 


h 


a = him — 2) — 


(25) 
which expresses the rate of change of the pollen 
concentration in an enclosed space (dx/dt) in 
terms of the ventilation rate, k, the pollen con- 
centrations in the space, x, and in the outdoor 
air, m, the fall speed of the pollen grains in still 
air, w, and the vertical height of the room, h. 
In view of the fact that the value of m, the out- 
door pollen concentration, is always changing, 
the dynamic nature of m should enter into the 
solution of this equation. For cases in which 
m varies sinusoidally with time, m(t) may be 
written 
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Fic. 9. Time variation of ragweed pollen con- 
centrations inside (x) and outside (m) a test house 
as shown by a series of 5-min. samples. and as 
computed from equation 27 for several values of 
the ventilation rate, k (Hewson and Dingle, 1956). 
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Fic. 10. The time variation of ragweed pollen 
concentrations inside (x) and outside (m) a test 
house as shown by a series of 5-min. samples, 
and as computed from equation 27 for several 
values of the ventilation rate, k (Hewson and 
Dingle, 1956). 


The solution for x(é) is then 


x(t) = me~4t + “ (1 — e~4*) 








kwB sa i 
oo Boe (é cos wt) (27) 
+ kKAB i 
Pow sin w 
where 2» is the value of x at time t = 0, A = 


(k + w/h), and B, C and w are derived from 
observations of m. Using this equation, figures 
9 and 10 were computed for two specific cases 
in which m(¢) took an approximately sinusoidal 
form. The course of x(t) in each of these figures 
shows the degree of variability of the ventilation 
rate, k, with time. 


MEASUREMENT OF POLLEN CONCENTRATIONS 


Pollen concentrations in the atmosphere have 
been measured by various means for over 100 
years. Good reviews of the literature are available 
elsewhere (27). The search for a sampling tech- 
nique that would at once be direct and demand a 
minimum of special equipment and time is 
prominent in the literature. Such concerns as 
inhomogeneity (anisotropy) of time and space 
distributions of pollen appear to be lacking for 
the most part until recently (22, 23, 28), thus 
much misunderstanding of the meaning of and 
uses for pollen counts has been propagated. It is 
these problems to which a few comments may be 
appropriately addressed. 

1) Atmospheric Distribution of Pollen. It has 
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been pointed out above that by virtue of the 
superposition of the complex of turbulent ele- 
ments of wind upon the irregular time and areal 
distributions of pollen release, one must antici- 
pate that the number of pollen grains per unit 
volume of air will vary rapidly and widely from 
place to place and time to time. This fact ob- 
viously requires consideration in establishing 4 
sampling procedure. 

It is clear that the concentrations cannot be 
determined unless, in the sampling procedure, 
the volume of air sampled is measured. Depend- 
ing upon the wind speed, the turbulence pattern, 
and the time over which a sample is collected, 
the shape of the air sample will vary. That is t 
say that when very little wind is blowing, the 
sampler will draw air from an adjacent space of 
relatively compact shape (fig. lla), whereas 
when the wind is stronger, the air sample will 
be drawn from a long thin space having branches 
or tributaries contributed by turbulent eddies 
(fig. 11b and c). This latter is probably the most 
usual condition in outdoor air. That this is true 
introduces an additional consideration which 
again is hard to quantify, namely, the role that 
turbulent eddies play in impacting pollen grains 
upon or removing them from a filter surface 
independently of the volume of air drawn through 
the filter. The Millipore filter probably retains 
quite well the pollen grains that impact upon it, 
but it is not known at the present time how much 
of the collected sample is contributed by the 
centrifugal action of eddies near the filter head. 

The ideal sampler according to Magill (29) 
would operate isokinetically. That is to say, it 
would operate in such a way that the natural 
flow streamlines would not be deviated in any 
way. There exists no apparatus that can accom- 
plish this ideal for the simple reason that just 
the presence of the sampler in the air stream 
requires some deviation of the streamlines, even 
for an air foil shape. The turbulent condition of 
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(c) Turbulent Wind 


Fig. 11. Relation of the shape of the volume of 
air sampled by a volumetric sampler to the char- 
acter of the wind. 
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the natural flow is an additional factor that makes 
this ideal unattainable in practice, because such 
a sampler must always face into the wind and 
must filter the air at a rate equal to the wind 
speed at all times. The isokinetic criterion is 
therefore best regarded as a design guide for 
use in devising the best possible samplers. The 
volumetric samplers currently in use at the 
University of Michigan (fig. 11) do not operate 
isokinetically and, as a result, probably indicate 
concentrations of contaminant somewhat below 
those actually existing. There are, however, a 
number of other points at which error enters the 
sample evaluation procedure, and it is believed 
that the error due to non-isokinetic sampling is 
quite small compared to the natural variability 
of concentrations and to the cumulative error 
introduced in handling, counting etc. 

2) Meaning of ‘Pollen Counts’. Thus the mean- 
ing of a pollen sample changes drastically with 
the conditions of air movement under which it 
is collected, and it is very difficult to establish 
a good model that would represent the spacial 
distribution of pollen grains in the air at any 
instant. Because of these factors, it must be 
recognized that an isolated pollen count has 
complete validity only for the place and time of 
its collection. It does not necessarily characterize 
the pollen exposure of any particular hay fever 
patient, and by long odds it probably differs 
greatly from his exposure. This should serve 
in part to explain the disparity between the 
traditional ‘pollen counts’ and the clinical symp- 
toms displayed by individual patients. 

Inasmuch as the traditional ‘pollen count’ is 
4 24-hr sample accumulated upon a ‘gravity 
slide’, one should understand that it has no 
validity whatever as a representation of the 
number of pollen grains per unit volume of air. 
Further, because it is usually collected at a local 
hospital or U. S. Weather Bureau observing 
station, it cannot, except in the most tenuous 
way, characterize the general level of air pollu- 
tion by pollen grains. Clearly if there is to be an 
oficial, published pollen count for a city, it 
ought more properly to be an average of numer- 
ous volumetric samples taken so as to charac- 
terize the bulk of human environments in the 
tity. As an example of urban micro-distribution 
of dust, figure 12 is reproduced from Lébner (30). 
Here are shown gradations of dust at a street 
intersection in Leipzig. At which point should 
the sample to determine a representative ‘pollen 
count’? 
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3) Function of Pollen Counts. Although the 
above commentary appears discouraging as 
regards the broad use of pollen counts, it is 
perfectly clear that, for purposes of research 
and treatment, some monitoring of the atmos- 
phere for pollen concentrations is important. The 
difficulties cited above introduce problems of 
interpretation into the question of monitoring 
however. Because these difficulties are primarily 
associated with the variability of states and 
patterns of motion of the atmosphere, it is ap- 
parent that they can be resolved only by taking 
the atmospheric variables into account. When 
this is done, upon the basis of relationships de- 
rived from adequate research, almost any kind 
of sampling technique that may be used in 
conjunction with suitable atmospheric measure- 
ments will be subject to realistic interpretation. 
At the present time, the basic requirement ap- 
pears to be that of establishing relationships 
between pollen distribution and suitable weather 
parameters. These are under study. 

Again, inasmuch as the pollen counts are useful, 
they would probably be more so if they were 
predictable. In this event preventive therapy 
could be used for serious chronic allergic patients. 
To the extent that the phenology of the source 
plant is known, the release of allergenic material 
will be predictable from accumulated standard- 





N 7 
+ ; ‘ 
4 
5 
16 Yj 
157 
Yj 








20m 











Fig. 12. Dust distribution at a street crossing 
in Leipzig. Dust content figures give numbers of 
particles per cm? (after Lébner, 1935). 
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ized weather observations. Knowledge of the 
relation of distribution patterns of the allergens 
to atmospheric conditions will then render these 
and hence the general level of pollen concentra- 
tion predictable. 

Note now, that these predicted levels of pollen 
concentration, predicated upon knowledge of the 
state of the atmosphere and the production 
patterns of the source plants, will actually have 
greater validity than any particular sample or 
group of samples can have for describing the gen- 
eral level of concentration of allergenic substance 
in the air. The clinical usefulness of such pre- 
dictions should be immediately apparent. Thus 
probably the most important meteorological ob- 
jective of the aeroallergen research program, aside 
from control of the source, is to establish those 
relationships that will render the level of contam- 
ination predictable. 


CONTROLLED EXPERIMENTATION 


There remains an aspect of the total problem 
that has not been discussed. This is the patient. 
Fortunately for the patient in most cases, but 
unfortunate as regards progress in research, the 
human organism has so many built-in checks and 
balances that its responses become obscured. 
In addition, as regards allergies especially, 
there are a multitude of stimuli to which the 
organism responds, and the intensity of response 
or of adjustment to each varies between indi- 
viduals. Study under controlled conditions 
appears to be the only approach capable of 
isolating and quantifying stimuli and _ their 
respective responses, 

In the case of ragweed pollen allergy, the 
clinical test chamber presents special design 
problems. The most difficult is that of controlling 
the level of contamination by aeroallergens in 
the air of the chamber accurately enough that 
quantitative relationships can be established. 
The problem of the buildup of pollen deposits on 
surfaces during the course of test operations 
represents an important hurdle because at any 
time such deposits may break off and disturb a 
carefully adjusted contamination level. 

Additional problems of temperature, humidity 
and pressure control are relatively routine 
engineering matters. The psychological com- 
ponent of chamber testing may be critical, but 
proposed anti-claustrophobia measures such as 
the liberal use of glass walls and communication 
facilities are available. The free use of glass 
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introduces the problem of radiational balances 
which may be important in relation to comfort, 
and which are not so much present in opaque. 
walled chambers. 

Two serious difficulties remain, however, in 
the specification of test conditions and responses, 
The first is the absence of a satisfactory quantita. 
tive measure of the antigenicity (or allergenic 
potential) of pollen grains. There is subjective 
evidence that suggest differences in this charae- 
teristic, and independent knowledge of plant 
chemistry indicates that such differences should 
be expected. They are believed to be related to 
the life-weather-history of the plant and to soil 
nutrient differences in addition to species, sub- 
species and variety differences. But the critical 
substance that stimulates the allergic reaction 
remains a natural secret the key to which has 
not yet been identified. 

The second difficulty is the qualitative and 
subjective criteria that we depend upon to docu 
ment allergic reactions. The processes of human 
body chemistry that operate between the im- 
paction of the pollen grain upon the nasal mucosa 
and the snifiles and sneezes that follow appear 
to remain quite obscure. 

These are problems of immunochemistry, 4 
field that contains no simple problems. Even 
with test chambers, completely satisfactory r- 
sults can be obtained only to the extent that 
quantitative statements can be made concerning 
exposure and reaction. Currently it looks as if 
the best attack would be an immunochemical 
one. 


SUMMARY AND CONCLUSIONS 


It has been shown that meteorological con 
siderations figure prominently in the total prob 
lem of ragweed hay fever. They are important 
in the states of plant growth from germination to 
blooming, and their significance in this period i 
best established by means of phenological rm 
search. They enter the field prominently in the 
pollen transport, bloom to patient, process. In 
this process atmospheric turbulence is pre 
dominant. Despite its complexity, theoretical 
development in the turbulence field is continuous 
and some useful applications to problems of 
pollen dispersal are being made. 

Experimental work designed to yield relation- 
ships between meteorological parameters and the 
spacial distribution patterns of aeroallergens i 
largely within the meteorological province. The 
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penetration of aeroallergens into buildings also 
involves meteorological considerations. 

Atmospheric sampling to determine contami- 
nation levels and the production of controlled 
contamination levels in test chambers have be- 
come primarily problems of meteorological engi- 
neering. 

Finally, the principal objective of aeroallergen 
research remains that of reducing the prevalence 
and magnitude of the reaction that is called hay 
fever disease. This may be accomplished either 
by reducing the prevalence of aeroallergens 
through suitable control measures or by reducing 
patient reactions through preventive treatment 
born of a more complete knowledge than now 
exists of the immunochemistry of hay fever and 
made feasible by reasonably good predictions of 
aeroallergen quality and quantity. The problems 
of botany, of meteorology, of immunochemistry 
and of clinical medicine that arise in the attain- 
nent of this broad objective are so interdependent 
and so complex within themselves that an effec- 
tive attack upon them can be launched only by a 
sustained cooperative effort. The research project 
on Air Pollution by Aeroallergens at the Uni- 
versity of Michigan is this kind of an endeavor. 


The June, 1956, experiment (fig. 7) was instru- 
mented and supervised by Mr. G. C. Gill of the 
Meteorological Laboratory with the cooperation 
of Professor W. H. Wagner, Jr., of the Department 
of Botany, who also assumed responsibility for 
supplying the hothouse-reared ragweed in a bloom- 
ing stage. The field test house (fig. 8) used for the 
penetration experiment was delivered, placed and 
finally removed gratis through the kind offices of 
Mr. John Armstrong, president of the construction 
frm of Darin and Armstrong, Inc., Detroit. 
Enthusiastic support and continuing consultation 
on the experimental program have been supplied 
generously by Professor E. W. Hewson, Depart- 
ment of Civil Engineering. Without the special 
cooperation and conscientious effort of the field 
crews including Mr. A. W. Wagner, technician, 
and Messrs. J. Asuncion, J. A. Ismaili, D. A. 
Lundy, K. C. Quan, and P. Rangaswamy, the col- 
lection and reduction of the large masses of data 
required (figs. 4, 5, 6, 7, 9, and 10) would have 
been impossible. 
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AIR POLLUTION BY RAGWEED: MEDICAL ASPECTS! 


J. E. Goonwin, J. A. McLean, F. M. Hempuitt anp J. M. SHELDON 


From the Departmenis of Internal Medicine and Public Health Statistics, 
University of Michigan, Ann Arbor, Michigan 


H.. FEVER AND ASTHMA occur in approxi- 
mately three to four million people in the United 
States, and these two diseases rank third among 
the chronic diseases. Asthma occurs in approxi- 
mately 30-45% of patients with hay fever. 

In order to better understand these conditions, 
this study was carried out on patients whose 
symptoms were due only to ragweed sensitivity 
or who had a definite seasonal exacerbation dur- 
ing that period. Preliminary studies on clinic 
and private patients revealed that many variables 
could not be controlled, one in particular being 
the wide range of movement and change of 
geographic location during a season. Therefore, 
studies were carried out on volunteers at the state 
prison in southern Michigan. A complete allergic 
evaluation was made and:11 subjects were 
selected as the most suitable. Of these, 4 had 
only hay fever, and the other 7 had both rag- 
weed hay fever and asthma. None were receiving 
hyposensitization and a few took an occasional 
antihistamine. Three subjects (1 hay fever and 2 
asthma) were confined to a small hospital ward 
for 3 weeks of the season. Windows were kept 
open and continuous, quantitative pollen counts 
were made in 2 of the subjects’ rooms and in the 
connecting hall. Continuous quantitative pollen 
counts were also done on a 100-foot tower ap- 
proximately one mile from the prison; these 
were done at 4-, 50-, and 100-foot levels along 
with the collection of meteorological data. The 
quantitative pollen counts were made by means 
of a multiple head unit, each head containing a 
molecular filter membrane (1). Air was drawn 
through the filters by a vacuum pump, a limiting 
flow orifice in the system insuring an accurate 
control of the flow rate. An electric timer and a 
solenoid switch permitted changing from one 
head to another every 4 hours, counts being 
made successively throughout each 24-hour 
period. A standard 24-hour gravity slide pollen 
count (2) was also collected on the prison hospital 
roof each day. 


1 This investigation was supported by Research 
Grant E-1379 (C) from the National Institute of 
Allergy and Infectious Diseases, Public Health 
Service: Publication No. 3. 


The 3 men in the prison ward were examined 
twice daily; the remaining 8 followed their usual 
prison routine and were examined once daily; 
each man was examined at approximately the 
same time each day. Pertinent physical findings 
were checked and a quantitative blood eosinophil 
count was done. Salivary smears and pneumo- 
tachographic records were made but will not be 
discussed in this paper. Maximum expiratory 
flow-rate curves, timed vital capacities and 
MBC’s and A.V.I.’s (air velocity index) were 
done on each man daily. 

All subjects also kept a daily record of their 
hay fever and asthma symptoms; these symp. 
toms were rated for each 4-hour period of the day, 
the periods corresponding to the quantitative 
pollen count time periods. These cards were 
collected and checked each day when the patient 
was examined. 

The M.E.F.R. test is done by having the 
patient take a maximum inspiration, then 
rapidly and forcibly exhaling maximally; this 
expiration is recorded on a rapidly moving drum 
and the rate of flow is measured between certain 
fixed reference points. The normal value is 
between 400-500 1/min. (3). 

The vital-capacity test was used because it is 
simple and is a test usually done by clinicians, 
The timed V.C. is more meaningful because it 
establishes limits in relationship to time. Our 
values were compared to the standards accepted 
for body surface area. 

The MBC is an aid in obstructive disease of 
the pulmonary system because it also takes into 
consideration the time factor. The test is run by 
having a patient breathe in and out as rapidly 
and forcibly as possible for a known period of 
time while a kymograph records his respirations. 
However, it is a more difficult test for the patient 
to perform and requires the utmost cooperation. 
Thus, in severe asthma it may be unreliable. The 
normal values were calculated’ from Baldwin's 
formula (4). 

Quantitative blood eosinophil counts wer 
done because the eosinophil count is known t 
rise in some allergic conditions, and counts above 
400 eosinophils per cubic millimeter were con- 
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sidered to be significantly elevated. Counts on 
patients in the hospital ward were fasting while 
the others were not; diurnal variations were not 
specifically investigated with multiple daily 
counts (5). 

All of the patients had definite hay fever; 6 
had spontaneous asthma, but only 1 had moder- 
ately severe asthma. In the 6 patients having 
definite asthma, using the standard calculated 
values, we found that the following number of 
pulmonary ventilatory tests were abnormal; 
these were divided into 10-day periods with the 
second period corresponding with the season’s 
pollen peak: 


Asthma Aug. 13-26 Aug. 27-Sept.7 Sept. 8-21 
Abnormal 
Pulmonary 163 131 136 
Ventilatory 
Elevated quan- 
titative eosin- 18 24 24 
ophil counts 
Total 181 155 160 
Hay fever 40 28 23 


Thus, the number of abnormal tests was not 
elevated during the pollen peak as we had antici- 
pated. These abnormal tests in the 3 hay fever 
patients consisted of abnormal pulmonary ven- 
tilatory function studies except for only 2 ab- 
normally elevated quantitative eosinophil counts. 
In all 3 hay fever patients the 1’V.C. was ab- 
normal 66 times, and in 2 of these patients the 
M.E.F.R. was abnormal 19 times. This may 
indicate the detection of minimal asthma which 
was not clinically apparent; others (6-8) have 
also noted this finding. The 1’V.C. was the pul- 
monary ventilatory test which was most fre- 
quently abnormal in the asthmatic patients, 229 
times. However, these two tests (M.E.F.R. and 
l’'V.C.) were not abnormal in the hay fever or 
asthmatic patients with greater frequency during 
the peak of the pollen season. 

Although we could not rely on a given total 
V.C. level, we noted that our patients fit into 
Feinberg’s classification (9): that is, a total V.C. 
73% with tightness in the chest, 60% in a 
noderate attack, and 41% of the expected value 
in severe asthma. Three of our patients having 
the most days of moderate asthma had total 
V.C.’s in the range of 61, 62, and 67%; those 
vith minimal asthma had their lowest total V.C. 
in the range of 73, 77, and 78%. One asthmatic 
jatient’s total V.C. never was lower than 82%. 
Yne hay fever patient with no subjective sensa- 
tions of asthma (although he did have objective 
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evidence of minimal wheezing) had a total V.C. 
in the 77% range. 

An interesting observation is that the one- 
second timed vital capacity appears to correlate 
better with the patient’s own subjective wheezing 
rating than with our objective wheezing evalua- 
tion. In addition, the one-second timed vital 
capacity appeared to correlate well with the size 
of the nasal airway, nasal color and discharge, 
conjunctival color and discharge, and pulse rate— 
all being objective data. Subjectively this same 
correlation seemed to appear with the choking 
sensation, and out-of-breath at rest and while 
walking. No correlation was noted with the re- 
spiratory rate, tightness in the chest or cough. 
All of these data, however, are on a limited 
number of patients. 

In general as the MBC increases so does the 
M.E.F.R. as would be expected. The 1’V.C. 
appeared to correlate better with the M.E.F.R. 
than did the total V.C. When the total V.C. is 
compared to the 1’V.C., it is seen that the lower 
values occurred in the asthmatic patients while 
the hay fever patients had the higher test results 
(table 1). The AVI was not helpful in this study. 
All of these data will be subjected to statistical 
analysis. 

It should be noted that the total asthmatic 
subjective symptoms tapered off gradually at 
the end of the season while the hay fever symp- 
toms stayed higher throughout most of the usual 
season (fig. 1). The average hay fever symptom 
severity count for the asthmatic patients was 
higher than in those with hay fever alone, or, 
the patients with more severe hay fever were 
more likely to have asthma. Asthma patients 
had 17% more hay fever by subjective rating 
than did patients only experiencing hay fever. 
Objective asthma symptoms started after ob- 
jective hay fever symptoms in 3 patients, on the 
same day in | patient, and actually they started 
1 week before in another patient. 


TABLE 1. TOTAL VITAL CAPACITY 




















| 2-2.9 L 3-3.9 L 44.9 L 5-5.9 L 
Vv.c. | 
1.9 L | 1A 
2.2L 20A | 944A 
3.6 L | 71 A 49 A 1A 
5 HF | 63 HF | 20 HF 
4.0L 11A 
3 HF | 18 HF 
A = Asthma. HF = Hayfever. 
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Fie 1. Quantitative volumetric pollen counts 
and hay fever and asthma severity. 


There was a fair agreement between objective 
and subjective asthma and hay fever ratings 
with the pollen counts when the total pollen 
season was considered. Actually, subjective rat- 
ings appeared to follow the general pollen season 
the best. There were many variations among 
individual patients, however. Also, again con- 
sidering the total patient subjective symptoma- 
tology (fig. 1), there is a simultaneous decrease 
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Fig. 2. Pollen counts per 4-hr. time periods. 
Period 1, 12:00 midnight to 4:00 a.m.; period 2, 
4:00 to 8:00 a.M., etc. 
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in hay fever severity and an increase in asthmatic 
severity on September 10. 

The pollen peak for the season occurred on 
August 28, and the highest hay fever subjective 
symptomatology rating occurred on that same 
day while the highest asthma subjective symp- 
tomatology occurred 48 hours later. A significant 
pollen rise occurred on September 13 with no 
increase in hay fever symptomatology and a 
24- to 48-hour lag in the increase in asthma 
subjective symptomatology. However, isolated 
pollen rises occurred on August 23 and September 
3 and 4 with only a slight rise in hay fever and/or 
asthma symptomatology at the same time and 
no delayed increase in the asthmatic patients. 

The specific daily pollen count patterns are of 
interest (fig. 2). The mean and median pollen 
counts showed their greatest increase and rose 
to the daily pollen peak in the time period from 
8:00 a.m. to 12:00 noon, (periods 2-3) while the 
mean and median subjective symptom increase 
for both asthma and hay fever occurred prior to 
this, namely between 4:00 and 8:00 a.m. (time 
period 1-2). The rise in pollen counts as reflected 
by the 100-foot tower readings also reflected this 
same lag and it was even further delayed to the 
period from 12:00 noon to 4:00 p.m. This ap- 
parent discrepancy has been noted by others 
(10); a diurnal variation in symptoms with an 
increase upon arising in the morning (6:00 aM. 
at the prison) may partially explain these find- 
ings. Other experiments (ragweed plants were 
made to mature earlier in the season and the 
pollen dispersal was studied in this ‘non-seasonal’ 
interval) revealed that pollen was collected in 
highest concentration between 5:00-8:00 a.m. 
on slides exposed at two-foot level above the 
ground. Thus, pollen emission may occur early 
in the morning and later; air turbulence carries 
this pollen to the higher elevations. 


SUMMARY 

Using the experimental approach described in 

a study on ragweed pollinosis, the following ob- 
servations were noted: /) in general, the patients’ 
subjective symptoms seemed to follow the general 
seasonal pollen pattern better than did their 
objective findings, although there were many 
exceptions. 2) In asthmatic patients the 1’V.C. 
was abnormal more times than any of the other 
pulmonary ventilatory tests. In the hay fever 
patients the 1’V.C. and the M.E.F.R. were 
abnormal occasionally. The quantitative blood 
eosinophil counts and pulmonary ventilatory 
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function tests were not abnormal, with a greater 
frequency during the peak of the pollen season. 
$) The rise in pollen counts in the morning fol- 
lowed rather than preceded the daily increase in 
the subjective symptoms for both hay fever and 
asthma. Possible explanations for this were cited. 
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PRESENT KNOWLEDGE ON CORRELATIONS BETWEEN 
WEATHER CHANGES, SFERICS AND AIR ELECTRIC SPACE 
CHARGES, AND HUMAN HEALTH AND BEHAVIOR’ 


Kownrap J. K. BuertNner 


From the Departments of Meteorology and of Physiology, University of Washington, Seattle, Washington 


i. THE 9TH CENTURY A. D. the law of the Frisians 
(lex Frisionum) imposed a higher weregild or tax 
for an inflicted wound if a weather-sensitive scar 
remained (1). This is the oldest known record of 
the very many complaints about weather-sensi- 
tive scars, complaints which are quite similar to 
those of rheumatics. On the other hand, the Féhn 
or Chinook wind has been blamed for centuries for 
its adverse effects on man. The scar and the Féhn 
complex are the classical enigmas of statistical 
bioclimatology. No factual evidence has dis- 
proved these observations, or has successfully 
explained the effects. Around these center com- 
plexes we find a large number of suspected 
weather-illness correlations of all kinds. As time 
passed, complexes strayed into and out of this 
field, some being solved, abandoned, recognized 
as pseudo-problems etc. 

The relationship investigated most often has 
been any possible correlation between sudden 
ilmesses and air pressure variations of all fre- 
quencies. This correlation has always proved to 
be poor (2). The pressure variations from stair- 
cases and elevators, as well as from wind, gen- 
erally exceed the meteorological ones, and should 
be equally effective on man if small pressure 
variations are effective at all. Of course, this 


1 Contribution No. 27 of the Dept. of Meteorol- 
ogy and Climatology, Univ. of Washington. 


problem has nothing to do with the effects of 
large pressure changes, a field of aviation physi- 
ology. Similarly, temperature, sunshine and wind 
speed can hardly explain the scar or Féhn com- 
plex since none of them penetrates modern houses. 
A host of similar observations on other illnesses 
and physiological and mental reactions in man 
have been reported. These correlations are part 
of statistical bioclimatology which investigates, 
on a strictly statistical basis, changes in man’s 
actions, reactions or illnesses with respect to time 
and location. This is a field of science which is 
alternatingly praised or held in contempt. By all 
standards of definition, malaria, altitude sickness, 
skin cancer, summer diarrhea of infants, hay fever 
and many epidemic diseases once belonged to this 
field. These illnesses now have ‘advanced’ to 
qualitative or quantitative bioclimatology, or 
interest in their climatological or weather rela- 
tionship has ceased. On the other hand, many 
claims of statistical significance did not withstand 
critical tests, or are still unconfirmed by other 
authors or by physical experiment. The uncon- 
firmed group contains correlations between solar 
activity and human deaths (3). This problem is, 
of course, related to the search for any measurable 
effect on tropospheric factors by variations of 
solar activity; this search has begun. To the 
abandoned group belong the Takata radiation 
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theory (4), the Gehrke dust theory (5), the 
‘Aran’ hypothesis of M. Curry (6), the claimed 
relationships between menstruation and the 
moon and between births and tides, and many 
assertions based on an oversimplified, meteoro- 
logical ‘air mass’ hypothesis. 

Beyond the still debatable claims is a host of 
pseudoscientific stories of every caliber; they 
show a curious trend toward attempting to dis- 
cover mysterious rays, from earth rays over death 
rays to Gurwitsch rays and solar neutrinos. Their 
making press headlines is as comforting as head- 
lines about flying saucers or the sea serpent of our 
grandfathers. These headlines usually indicate a 
lull in politics. 

In view of all this confusion, is it worth our 
while to evaluate the present situation in this 
field? I think it is. We have, however, to be quite 
aware of what statistical evidence is. 

When the ship’s doctor of the sailing ship His- 
paniola inspected the harbor of Treasure Island 
he groaned, “‘The nasty stench of the place turned 
me sick; if ever man smelt fever and dysentery, 
it was in that abominable anchorage.” Thus, he 
correlated the foul odor of tropical marshes with 
malaria. As we know now, this type of argument 
helped in discovering the causes of malaria, and 
can be called a productive kind of statistical 
bioclimatology. A positive correlation also exists 
between the number of people drowned while 
bathing and acute polio cases. This is an unpro- 
ductive approach, since both factors have to do 
with the summer, and their relation belongs to 
the rhythm research. The difficulty lies in the fact 
that nearly all biological factors in man have a 
yearly and a daily period; so do nearly all mete- 
orological factors. Any correlation between the 
two, then, shows that both changes take place 
on a revolving and rotating earth. 

The statistical approach is frequently the first 
step toward learning the truth. In statistical bio- 
climatology the causative environmental agent 
is generally unknown, frequently not even sus- 
pected. All we know are the coincidences, the fre- 
quency patterns, the correlations etc. This ap- 
proach does not always guarantee a tangible 
result of a research. Time prevents my describing 
the interesting history of our fied. Major work 
has been done in this country by W. F. Petersen 
(7), E. Huntington (8), and C. A. Mills (9). The 
first to request day-by-day relations of illness and 
weather (to study the common cold) was F. 
Sargent. The pertinent text book is that of B. de 
Rudder (1) which, strangely enough, seems still 
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to await a translation and general texts on bio. 
climatology (10-13). In the following lines, I shal] 
concentrate on the post-war period. Grants from 
the USAF Office of Scientific Research and USAF 
Arctic Aeromedical Laboratory have enabled me 
to discuss matters with workers in the field dur. 
ing meetings in Paris and Karlsruhe, and visits 
at the bioclimatic observatories at Hamburg, 
Frankfurt and K6nigstein, Tiibingen, Bad 
Télz and Garmisch-Farchant. Of the many 
working methods, a few shall now be discussed, 

a) Rhythm Method. This includes the seasonal 
peaks of illnesses, and physiological and _psy- 
chological deviations, as well as daily periods of 
similar kind. The list of illnesses with seasonal 
peaks is still staggering. The obvious reason is 
frequently thermal; conditions are too hot or 
cold for man, or they are more or less advanta- 
geous for microorganisms and carriers such ag 
insects. Not all seasonal peaks, however, can be 
explained this way. Certain seasonal skin troubles 
are obviously hygric in origin. The summer 
brings excess sweating. The continental winter 
lowers air humidity indoors to far less than 10%, 
This, in turn, dries the stratum corneum to the 
point of brittleness and causes many small skin 
breaks. This effect is more pronounced in, for 
example, North Dakota than in Arizona. 

b) The Geographic Method compares maps 
of illnesses, etc., with maps of climate or other 
environment factors. The maps of frequency of 
age-corrected cancer and heart deaths in North 
America are surprisingly similar (14). A map of 
the frequency of cloudy days has a certain 
similarity to these two death patterns, but s0 
have maps of air humidity, precipitation, the 
per capita income, industrialization etc. Unfor- 
tunately, a higher correlation coefficient does 
not always belong to the more ‘correct’ theory, 
and is therefore not a safe tool with which to 
differentiate between the possible explanations 
of the riddle of cancer geography. 

The geographical and, possibly, climatic dis- 
tribution of the onset of sexual development has 
frequently been discussed. A possible latitudinal 
effect on the age of menarche, however, competes 
with the possible effects of variable health, 
nutrition, sanitation, education, etc., and, more 
important, the average age of onset has shifted 
to the younger years within the last decades. 

c) Weather Method. As explained above, 
this approach is the oldest known and is still 
the most interesting one today. Every advance 
in meteorology from the invention of the barom- 





stron: 
meter 
man, 
diffici 
into 
biocli 


Freib 
of thi 
of the 
given 
to de 
hight 
code 1 





ume If 


n. bio. 
I shall 
3 from 
USAF 
ed me 
d dur. 
Visits 
aburg, 
Bad 
many 
ssed, 
asonal 
| psy- 
ods of 
asonal 
son is 
10t or 
vanta- 
ich ag 
can be 
oubles 
immer 
winter 
10%, 
to the 
ll skin 


n, for 


maps 
other 
ney of 
North 
nap of 
ertail 
ut 80 
n, the 
Unfor- 
; does 
heory, 
ich to 
ations 


ic dis- 
nt has 
udinal 
npetes 
ealth, 
more 
shifted 
es. 

above, 
is_ still 
lvance 
arom- 














July 1957 BIOCLIMATOLOGY 633 
TABLE 1 
Meteorotropic Situation Meteorological Characteristics Weather Types Coincident Human Events 
1) Free Féhn Meridional situation of | Daubert IIa; | Increase of: deaths (Hamburg, 
tropical type, cyclogenesis Ungeheuer 3; Tubingen), circulatory disor- 
to the west, subtropic air Kuhnke I, 1, ders, epileptic fits, other 
in all levels to the south a mental troubles, industrial 
accidents, auto accidents, ap- 
pendicitis, kidney colic, head- 
aches, thrombosis, C-17 keto- 
steroids high 
2) Fronts West weather, central low, | Daubert III; | Angina pectoris, sum of all new 


fronts and _ occlusions, 

stable and unstable as- 

cending, coincides with 

sferics maximum 

3) True Féhn and 
fronts in Mu- 
nich 


4) True Féhn only 





Ungeheuer 3, 4, 5 


Ungeheuer 3 





illnesses in Tiibingen, deaths 
in Munich, emboly, C-17 keto- 
steroids low f 


Ungeheuer 4, 
5; Kuhnke II, 
1 


Increase of reaction time, stom- 
ach perforations, industrial 
accidents, number of doctor’s 
calls 

Pathological increase of inner 








eye pressure 
5) High _sferics | Frequent at fronts but also | Reiter Auto accidents, pain of ampu- 
count before fronts tees, reaction time, birth 
rate, death rate, industrial 

accidents 
eter to the discovery of advection of vorticity in table 2. Of these weather phases, half are 


(15) has been used to explain sudden increases in 
the rate of deaths, illnesses, accidents and certain 
physiological observations. Winds, Féhn, fronts, 
air masses, descending air and other meteoro- 
logical terms have been used to correlate weather 
with human factors. Few of the older publications 
are convincing since they lack statistical signifi- 
cance and since they are based on a rather over- 
simplified meteorological analysis, especially of 
the fronts. These fronts differ from each other 
and from the beginner’s textbook case as much 
as the same illness varies in as many patients. 
One should not confuse the search for the 
wknown weather factor with the influences of 
known factors. These are mainly thermal. If 
strong cooling in a cold front coincides with a 
meteorotropic or an unknown weather effect in 
man, statistical evidence of the latter becomes 
dificult to evaluate. Considerable effort went 
into a new type of weather analysis done at the 
bioclimatic observatories in Hamburg, Frank- 
fut and Kénigstein, Bad Télz, Tiibingen and 
Freiburg in Germany. Table 1 shows a composite 
of this recent work. A critical evaluation of some 
of the statistical methods used in these studies is 
given by Jessel (16). By necessity, the time unit 
to define a weather type is the day from mid- 
tight to midnight. Each day is generally given a 
code number such as one of six numbers, shown 


generally caused by air mass changes and show 
bad weather with precipitation, strong winds, 
sudden temperature changes etc. The others 
represent the ‘radiation’ weather, with little 
advective changes near the surface. 

Certain illnesses (table 1) are more frequent 
during the ‘bad’ days, with frontal passages 
(17-20). According to older literature (1) pain of 
scars and from arthritis also occur during weather 
of the frontal type. These findings are hard to 
evaluate for unknown factors in view of the 
obviously possible thermal and hygric effects 
from changes of temperature, wind, precipitation, 
air humidity etc. The number of sudden illnesses, 
during frontal weather, in people protected from 
thermal weather effects cannot, however, easily 
be neglected. Auto accidents in Hamburg are 
not higher during frontal days (21). 

The most surprising feature is the high fre- 
quency of industrial accidents and deaths from 
all causes in southwest Germany (17), deaths in 
Hamburg (18), automobile accidents in Hamburg 
(18), circulatory disorders (18), epileptic fits and 
other mental troubles (18) on days with no 
serious change of any geophysical surface 
element. The weather pattern (17, 18) on these 
days is characterized by a strong flow of sub- 
tropic air to the North reaching roughly to the 
station concerned; the tropopause is higher, the 
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TABLE 2. WEATHER PHASES 
(After Ungeheuer (23) upper Bavaria) 





1) Fine weather, early haze, moderate visibility 

2) Extreme, fine weather, early naze, good visi- 
bility 

3) Féhn, extreme visibility, dry, warm, high 
clouds, lenticularis 

4) Beginning change, poor visibility, cooling, 
convection, precipitation begins, pressure low, 
maximum of sferics 

5) Full change, fronts, poor visibility, cool, con- 
vection, precipitation, sferics still frequent 

6) Beginning of postfrontal clearing, better visi- 
bility, cool, some showers, pressure high again, 
sferics decreasing 





upper troposphere too warm and the lower 
stratosphere too cold. The 500- and 225-millibar 
maps show a high anticyclone to the SW or § 
and the jet stream to the N of the station; gen- 
erally, cyclogenesis is present to the SW or W. 
Locally, air is subsiding, and might be warm in 
summer. This surface situation is, of course, 
similar to the alpine Féhn and might be termed 
a ‘free’ Féhn. During a ‘free’ Féhn, the C-17 
ketosteroid level is irregular and high in patients 
completely at rest while hospitalized for broken 
legs or similar injuries. The ketosteroid level is 
low when cold air fills the lower and middle tro- 
posphere (22). 

This ‘free’ Féhn, then, and the Féhn of the 
Alps are the center of the great enigma. The 
‘free’ Féhn situation may be followed by ‘bad’ 
weather, in the well known pattern of a frontal 
passage, or the weather may stay ‘fine’. One 
such example of free Féhn is the 3 December 
1952 in Hamburg (18), when the death rate in- 
creased well above the 2 ¢ level, o being the stand- 
ard error, and also coincided with a high rate of 
circulatory and mental trouble. These patients 
neither ‘foresaw’ nor felt any bad weather in the 
usual sense. 

In upper Bavaria (23), the true Féhn takes 
over from the ‘free’ Féhn, being more frequent 
and easier to recognize. Coding each day with a 
weather phase (table 2) results in a frequency 
pattern for observed clinical and physiological 
deviations. The crucial phase is 3 with ‘fine’ 
weather locally and advancing upper clouds and 
descending air. The observed deviations are 
frequently as large as they are during the frontal 
passages of phase 4 and 5, whereas, phase 6, the 
phase of decreasing shower activity, still locally 
‘bad’, is already free of abnormal human 
statistics. 


FEDERATION PROCEEDINGS 
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Recent routine work at observatories (17, 28), 
as well as many older studies, show that pressure 
variations of all frequencies, including infra- 
sound, ozone, air electric potential gradient, and 
number of ions, sferics, and other natural 
Hertzian waves are basically undisturbed in 
‘phase 3’ or in ‘free’ Féhn; air polution is generally 
below normal. We still lack data on electric 
space charges. 

In conclusion, the complex of weather illnesses 
which cannot be explained by thermal, hygrie, 
chemical, aerosol, microorganisms or similar 
environmental factors is more enigmatic than 
ever. There seem to be more than one critical 
weather type or, rather, there may be one type 
critical for each illness. The weather type statis- 
tically the most significant shows less clues to 
the causative agent than any other. 

We may, of course, assume that the combined 
effect of any number of known environmental 
elements underlies these correlations. Specula- 
tions of this type have been offered ever since 
the difficulty of discovering the one and only 
cause became obvious. If this ‘accord’ theory is 
true, our hopes to solve the riddle from statistical 
and experimental standpoint and to use our 
knowledge for cure or prophylaxis are small 
except for the prediction of Féhn and ‘free’ Féhn 
as such. 

Some of the above-mentioned observatories 
make such forecasts of bioclimatic activity 
routinely. The expected severeness is based on 
all past experiences. These prognoses are given to 
physicians at the large university hospitals, 
sanatoria, etc, not to the public. 

Animals seem to respond to the Féhn complex 
also. The fructose content of bull sperm is 5% 
above normal during a Féhn (H. Ungeheuer, 
personal communication). Rabbit’s blood clots 
significantly faster when subtropical air fills the 
lower and higher troposphere (24); temperature 
effects can be excluded and fronts show no 
significant correlation. 

d) Causative Agent Method. After trivial 
elements have failed to solve our riddle, all we 
see from the foregoing is a statistical link between 
weather complexes and man. The complexes as 
such cannot hurt man. But something not ‘trivial’ 
could go with them. Two such elements were 
discussed recently, ‘sferics’ and ‘ions’. 

Sferics stem from natural electric discharges. 
These electric wave pulses, especially the longer 
waves, are transmitted, with the aid of the 
ionospheric p-layer, for considerable distances. 
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Emission and transmission depend on the 
weather, and vary characteristically. The long- 
wave branches are generally free from man-made 
emissions, excepting those of long-wave radio 
emitters. No effects on man living close to 10 km 
emitters have been reported. Cathode-ray records 
show sferics as pulses lasting several milliseconds. 
The pulses are different each instant from wave 
length to wave length, but the hourly sums of 
pulses show the same relative pattern for different 
wave lengths and amplitudes, although the 
shorter wave group shows certain maxima earlier. 
Reiter (25) compared his sferics records in the 
10 ke area with human data. The statistical 
N-method was used to compare the deviation 
from normal of certain events for 2-3 days before, 
on and after the day having the highest sferics 
count of the month. 

The most interesting events studied are 130,000 
auto accidents in Bavaria during a 2)4-year 
period (26). They showed only a poor correlation 
to frontal passages and Foéhn, but were 50% 
above normal on days having sferics counts 
exceeding those of the previous and following 
days, and 50% below normal on days with counts 
much below neighboring days. These rates are 
smaller for accidents in Frankfurt, correlated to 
series count in Munich. Similar, but less spec- 
tacular increases in pains of amputees, reaction 
time, birth rate, death rate and industrial acci- 
dents are described. A study in Hamburg could 
not confirm . Reiter’s results (27). A high 
frequency of sferics coincides to a certain degree 
with frontal or ‘horizontal-advective’ weather 
(phase 4 and 5), but not with the alpine Féhn 
and fine weather (23). 

The electromagnetic energy applied to man 
ina sferic is minute. Resonance of any human 
oscillator to these frequencies is unlikely. Whether 
ferics are usable only as indicators of weather 
phases, or whether they themselves act on man 
rmains to be seen. At present no research in 
this promising field seems to go on. 

Geophysical and biological studies have made 
dectric space charge again of interest. Cosmic 
id terrestrial radiations ionize air molecules, 
which quickly change into clusters of dozens of 
ir or water molecules. These small ions may 
then be caught by condensation nuclei, smog, 
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laze, fog or other aerosol particles. The number 
if ions varies with the origin and the aerosol 
tharacter of the air and with other factors. A 
ce charge exists if.ions of one sign are more 
ndant. 
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Dessauer (28) demonstrated substantial effects 
on man treated with artificial large ions; a nega- 
tive space charge was beneficial, and a positive 
generally adverse to health. Bioclimatologists in 
the twenties argued: could the natural ions do 
the same and could this explain weather illnesses? 
There were two objections; free air ion charges 
were not believed to penetrate buildings, and 
the Dessauer space charges were 100-1000 times 
larger than those observed in nature. Both 
objections may now be discarded. 

Parallel indoor and outdoor measurements of 
small ions in Los Angeles (29, 30) and Switzerland 
(31) indicate a very close relationship of both. 
Obviously, ions and, probably, also their space 
charges diffuse quickly into normal houses. 
Natural charges of ions may, therefore, be 
capable of afflicting people indoors. 

On the laboratory side, Bisa (32) demonstrated 
effects on flicker fusion frequency in people ex- 
posed to space charges, Worden and Thompson 
(33) reported increase of proliferation of living 
cells exposed in vitro to negative ions, and many 
similar observations have been reported. 

Using small ions from radioactive sources or 
from electric discharges and eliminating those of 
one sign by an electric field, Kornblueh and his 
co-workers (34, 35) could treat hay fever patients 
during the pollen season. The space charges 
ranged from about 1000 to 7000 ions per cm’. 
Outside air, containing the usual pollen numbers, 
was drawn into the chamber. Ample null tests 
were made. Symptoms were relieved during 
negative ions exposure, but were not influenced 
or worsened in positive electric air. The exposures 
lasted only 30 min. and the relief faded soon 
thereafter. (For additional data see refs. 36 and 
37). 

These results focus attention on a rather 
neglected field of geophysics, the space charges 
of small ions. Such charges do not necessarily 
coincide with the total space charge, which 
comprises small and large ions. Total space 
charges are more frequently recorded than small- 

ion space charges. The many data on electrical] 
conductivity are not pertinent since they include 
the mobility as well as the number of the ions. 
Generally, positive small ions are more abundant, 
but fast natural changes of total space charge 
occurred in Los Angeles (38). The small-ion 
space charge may vary accordingly. 

e) Test Tube Method. If sferics, or solar or 
stellar radio waves, should actually affect man 
the most likely point of influence would be the 
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colloidal system. To test this hypothesis, an 
artificial colloid which has a certain similarity 
to blood was investigated (39). A 10% Polyvi- 
nylpyrrolidon solution in a sealed glass tube was 
temperature controlled. Its Tyndall-scattering 
was significantly higher near fronts or with high 
cyclonic vorticity at the 500 mb level. Similar 
results have been reported for blood clotting and 
for the titration value of Na2S.0; in 2% KI (40). 
Cosmic influences on anorganic, sealed colloids 
have been claimed and are supposed to occur 
simultaneously in Italy, Austria and Belgium 
(41-43). Whether we have to add a biocosmology 
to our field remains to be seen. 


CONCLUSION AND SUMMARY 


The long search for the reality and cause of 
weather illnesses has led to the establishment of 
two weather types which are potentially harmful. 
One is the long-suspected frontal or disturbed 
weather, and the other, the ‘free’ Féhn with 
descending subtropical air in the whole tropos- 
phere. Each type correlates with a specific set 
of clinical and physiological events. Trivial 
surface weather elements such as_ pressure, 
temperature, wind or humidity are not the likely 
causes. Sferics seem to be indicators of weather 
rather than causes of illness or accident. Success- 
ful treatment of hay fever with artificially nega- 
tively charged air might give a clue to the 
explanation of weather effects. 


After conclusion of this manuscript an interest- 
ing book about meteorotropism and its pharma- 
cological influences was received (44). 
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dealing with various segments of current work 
can prove useful; the explorations to date seem 
worth recounting. One fact is regrettable, namely, 
that the time available for the Society’s sympo- 
sium at the Federation Meeting limits the num- 
ber of panelists so that several who are making 
principal contributions in this field are not repre- 
sented. We are only too much conscious of the 


1 Atlantic City, N. J., April 18, 1956. 
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finding that suspensions composed of single cell uinea 
could transfer the delayed-type of skin hyper Associs 
sensitivity from sensitized guinea pigs to normaly’S 
guinea pigs. Sensitization induced by variow 
simple chemical allergens, and tuberculin-typ 
sensitization (induced by killed Myco. tuberculosis ryl ’ 
injected in paraffin oil) could both be so trans§, ~ 
ferred. Still later, despite the complete absence 
information relating dermal hypersensitivity 4 
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delayed type to any role played by circulating 
antibody, it was found that the injection of sus- 
'S pensions of single cells from antibody-producing 
guinea pigs could result in the appearance of 
antibody in the circulation of recipient normal 
guinea pigs. Rapidly, the latter approach was 
transferred to studies using the rabbit, and the 
procedure was found to possess general validity. 
Itis with the latter observation that we are con- 
cerned tonight, not with the cellular transfer of 
dermal hypersensitivity. 

It will not be out of place, however, to recount 
here the considerable degree of parallelism in cell 
gurces, in specificity, in the limitation of transfer 
within the species that ordinarily characterize 
both varieties of cellular transfer. More, the find- 
ing that the delayed-type of hypersensitivity can 
be transferred in man by means of lysed cells 
places the cells of the new host in a functional 
tle. No such event has yet been described for 
the cellular transfer that leads to the appearance 
ofcirculating antibody. The emphasis has, rather, 
been confined to this question: whether the ap- 
pearance of antibody reflects the metabolism of 
the introduced cells in a culture medium provided 
by their new host. An affirmative answer to this 
question is not viewed by your chairman as hav- 
ing unquestionably validity. Experiments in 
which organized populations of cells, e.g. minced 
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book. HE FINDING that circulating antibody would 
focused§ pear in recipient, normal guinea pigs owing to 
the injection of white cells taken from sensitized 
flinea pigs was reported before the American 
Association of Immunologists at its annual meet- 
ig in 1950 and was published later (1, 2). In 
this instance, the donor animals possessed both a 
layed allergy (with respect to contact with 
icryl chloride) and a content of circulating anti- 
ies reacting specifically with picrylated pro- 
in vitro. Following the injection of 0.6-0.7 
of washed cells from the spleens of exsangui- 
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spleens, lymph nodes and the like, are found to 
synthesize antibody in vitro are not surely to be 
trusted as an adequate model, in view of the cel- 
lular complexity of the bits of whole tissue. 

These opening statements may be concluded 
by drawing attention to the séveral pieces of evi- 
dence in which an early appearance of antibody 
is detected following antigenic stimulation. Oer- 
skov’s work with cowpox vaccine pointed to the 
appearance of antibody in 2 or 3 days, and a 
similar time has been shown adequate after the 
injection of pneumococci. In Campbell’s so-called 
diaphelic immunization, in which bacterial vac- 
cines are instilled into the udder of lactating, nor- 
mal cows, a very early appearance of antibody in 
the milk has been reported. As concerns the 
events occurring after secondary stimulation, the 
reports of Wesslén with lymph cells in roller-tube 
culture and of Stevens with splenic fragments (as 
heard in the paper reported today) suggest that 
antibody may be synthesized with unexpected 
promptitude. 

It seems certain that immunology, aided by 
immunochemistry and biochemistry, is breaking 
out of its former confines, and that it will attract 
an increasing number of investigators who will 
have at heart the theoretic rather than the utili- 
tarian aspects of the subject. 


QUANTITY AND QUALITY OF DIPHTHERIA ANTITOXIN 
APPEARING AFTER TRANSFER OF CELLS TAKEN FROM 
IMMUNIZED RABBITS 


MeErRILL W. CHASE AND Opp A. WAGER 


From The Rockefeller Institute for Medical Research and New York University School of Medicine, 
New York City 


nated donors, 0.45 ml being introduced by the 
intravenous route and the remainder by the in- 
traperitoneal route, the appearance of antibody 
in the recipient animals was detectable both in 
vitro (Schultz-Dale reactions vs. picrylated pro- 
tein) and in vivo (injection of serum into the skin 
of normal guinea pigs (cf. 3) and introduction of 
picrylated protein intravenously 17 hr. later, the 
basic part of the procedure that is now known as 
Passive Cutaneous Anaphylaxis). The transfer of 
cells teased from lymph nodes of the donors led 
likewise to the appearance of antibody in the cir- 
culation. The antibody was detectable between 
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48 and 72 hr. after transfer of cells (sometimes at 
24 hr.), and increased in amount for the following 
4 or 5 days, and then disappeared in a course 
consistent with that representing a typical half- 
life slope. It was established that damage to the 
cells of either splenic or nodal sources, as by 
freezing and thawing, or heating to 48°C for 15 
min., would entirely prevent the appearance of 
antibody. In conformity with this, extracts of 
cells were shown not to contain demonstrable 
amounts of pre-formed antibody, nor could they 
stimulate the formation of new antibody. More- 
over, the stimulus that the cells provided to the 
recipient animals for inducing the appearance of 
antibody did not appear to represent a primary 
antigenic stimulus. The cells appeared to be ma- 
ture lymphocytes. 

At this point, some attempts were made to use 
the cells of animals that did not possess a delayed- 
type allergy, but were solely producers of circu- 
lating antibody. In the hands of one of us, hemol- 
ysins for sheep cells were found to appear (in low 
concentration) in normal rabbits that had re- 
ceived cells from specifically, prepared donor rab- 
bits (1). Dr. and Mrs. T. N. Harris explored this 
field with a superior system and made more con- 
vincing observations (4, 5). 

Because normal rabbits can possess low-grade 
hemolysins for sheep cells and agglutinins for 
Gram-negative bacteria, we felt some uncertainty 
with regard to the type of stimulus that the cells 
were providing in instances in which increases in 
titer had to be observed. It seemed to us neces- 
sary to investigate cases in which antibody had 
to arise de novo, and to quantitate the amount of 
antibody accurately. With Dr. Wager, we under- 
took a study of the diphtheric toxin-antitoxin 
system, for antitoxin is not found in normal rab- 
bits and quantitation may be made accurately, 
the amount of antibody being measurable to 
+5% if one so desires. For this, bleedings were 
made at selected times and the ability of the sera 
to neutralize the Cohn-Pappenheimer purified 
diphtheria toxin was examined by injecting 
graded mixtures of the two reagents into the skin 
of normal rabbits. A given specimen of antitoxic 
serum can be equated with officially standardized 
diphtheria antitoxin so that its ability to neutra- 
lize the necrotizing effect of diphtheric toxin in 
skin can be expressed in terms of known anti- 
toxin units (AU) per ml. Conversion of AU/ml 
to milligrams of antibody-nitrogen per ml is 
based on the relation: 1 AU = 2.5 ug of antibody- 
nitrogen. 
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The validity of the operation here outlined 5 
subject to one limitation, as Jerne (6) has so ably 
and thoroughly pointed out, namely, the diph. 
theric antitoxin in the unknown specimen mut 
possess a high degree of avidity in combining 
with diphtheric toxin, similar to that which chap. 
acterizes the officially distributed standard diph. 
theria antitoxins. The first outpouring of ant. 
toxin by an animal will not possess a high degre 
of avidity, hence a simple comparison of such, 
serum with standard antitoxin will not be suff. 
cient. Nonetheless, the degree of avidity of a 
antitoxic serum can be measured, its actual 
amount of neutralizing antibody can be deter. 
mined and, where necessary, a corrected expre- 
sion of AU/ml can be obtained. In the following, 
attention has been paid to the question of avidity, 
and proper values for AU/ml are offered in the 
tables. (The detailed procedure developed in this 
laboratory, an extension of the prinicples devel. 
oped by Jerne, will be presented elsewhere. It 
will be adequate to point out that the measure 
ment consists of the difference between the net- 
tralizing capacity of an antitoxin as determined 
under a) nearly optimal conditions and b) sub- 
optimal conditions. Sera of high avidity, such as 
N.I.H. Standard Antitoxin, exhibit a four-fold 
difference in the two tests; sera of low avidity, 
on the other hand, may exhibit differences 4 
great as 32- to 64-fold. Such differences can be 
shown to represent fixed properties of diphtherie 
antitoxins. ) 

Two fundamental types of experiment were 
undertaken by Wager and Chase (7). In the first, 
rather large amounts of toxoid adsorbed to alt- 
mina cream (1-3 injections of 435 Lf or a total of 
0.2-0.6 mg antigen-nitrogen) were injected intr- 
cutaneously and intramuscularly and the animal 
were sacrificed within a week. Splenic cells and 
lymph node cells were secured by teasing under 
fluid, and these were injected intravenously into 
normal rabbits. Diphtheria antitoxin appeared 2 
most of these recipients within 3 days. In some d 
the recipients, two separate outpourings of anti 
body were noted, the initial one seen regularly 
and completed in from 3 to 9 days, and a later 
rise in antitoxin commencing about the 16th day 
and continuing with all the characteristics of a 
active sensitization. Evidently, cells could be 
harvested on occasion that possessed sufficient 
toxoid to stimulate the antibody-forming appar 
tus directly.! Indeed, the two bursts of antibody 


1 The presence of contaminating antigen intro- 
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could be separated: 1) when only the early burst 
of antibody appeared, reinjection of toxoid 120 
days later would elicit no secondary response; 
9) when the cells were killed by being held for 
¥ hour in Hanks’ solution that had been satu- 
rated with chloroform and freed of excess chloro- 
form, the killed cells failed to produce the early 
burst of antibody, but incited the late burst and 
primed the recipients to undergo a specific sec- 
ondary response by means of a ‘booster’ injection. 

In the second type of experiment, rabbits were 
primed with 50 Lf of fluid toxoid (23 ug of toxoid- 
nitrogen) on a single occasion, then were re- 
simulated on day 90 with an injection of 200 Lf 
toxoid adsorbed on alumina cream, given intra- 
yenously. The animals were sacrificed on the 3rd 
or 4th following day, and transfers of splenic and 
lymph node cells were made to new rabbits. Here, 
only the first burst of antitoxin was seen, and the 
rabbits were not primed by the injected cells to 
wdergo a secondary response when toxoid was 
injected 6 months later. Results of the two types 
of experiment are given in the lower part of 
table 1. 

It was apparent, however, that the property of 
avidity could be used to explore the question 
whether antitoxin that arose in the recipient 
within the first few days stemmed from the stim- 
wus of some special antigen present within the 
cells or was a reflection of the avidity-type of 
antibody that was being produced currently by 
the cell donors. If the latter were the case, pro- 
duction of antibody de novo would be shown, 
either effected by the transferred cells themselves 
or through the recipient’s utilization of some an- 
tibody-directing material contained within the 
cells. Examination of the avidity of antibody in 
various donors-and-recipient rabbit groups was 
most encouraging, hence critical experiments were 
udertaken in guinea pigs. As has been reported 
(f. 6), the change in avidity with increasing 
mmber of antigenic stimuli is more gradual in 
the guinea pig than is seen in rabbits. Groups of 
guinea pigs were therefore prepared with different 
toutes of injection and numbers of preparatory 





duced via the cells has been met by Harris and 
Harris also (5). In their case, active antibody- 
formation in response to Shigella antigens has 
been so rapid that it has been necessary to use as 
reipients rabbits that have been rendered rela- 
tively inert to stimulation by antigen by means 
of x-ray treatment. We ourselves were fortunate 
in that the onset of demonstrable antibody-for- 
mation to diphtheric toxoid occurs later and 
illows observation of both events independently. 
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injections, and then were rested variously for 25- 
330 days. Upon restimulation, the antitoxin that 
each group produced increased in avidity to some 
degree, as expected, yet the conditions had been 
chosen so that clear differences in avidity were 
present in the antitoxins produced by the ani- 
mals of each group. In this way, at least three and 
probably four demonstrably different qualities of 
antitoxin were produced, differing respectively by 
5-fold, 8-fold, 16- to 18-fold and 32-fold increases 
in the amounts of antibody required to neutralize 
toxin under sub-optimal conditions as compared 
with optimal conditions. Cell transfers were 
made from each group of guinea pigs to new re- 
cipients, and careful studies were made of the 
avidities of the antitoxins present in cell donors 
and cell recipients. It was found (8, 9) that the 
antitoxin appearing in a recipient guinea pig was 
constant with respect to avidity throughout the 
course of its accumulation, and that the particular 
avidity or quality of antitoxin that was produced 
in a recipient animal always duplicated the qual- 
ity of the donor’s antitoxin. Some evidence for 
even one further detail was obtained: as men- 
tioned above, each new antigenic stimulus was 
destined to drive the avidity level slightly up- 
wards; correspondingly, the avidity of the re- 
cipient’s antitoxin was found to be the same as 
that of the donor group not at the time of their 
sacrifice (3 days after the restimulation) but 
rather at the time of their maximum new ac- 
cumulation of antibody (6 days after restimula- 
tion). One may therefore conclude that the anti- 
body found after cellular transfer was not incited 
actively by means of a special form of antigen 
contained within the cells (the varieties of anti- 
gen needed to account for the various degree of 
avidity would require special hypotheses), but 
resulted from the donation of some element 
(template for antibody formation? enzyme? vital 
synthetic capacity of the donated cells them- 
selves?) that is remote from the actual antigen. 
This element evidently bears the stamp of the 
specific previous antigenic stimulation and will 
determine the formation of antibody. That active 
cells cannot induce the appearance of antibody 
in another species (guinea pig cells into rabbits, 
rabbit cells into guinea pigs, table 2) also speaks 
against an hypothesis of an intermediate antigen 
contained within the cells. Evidently in the trans- 
fer of cells from restimulated donors we have to 
do with a later step in the course of antibody pro- 
duction than Dr. Harris is dealing with when he 
mixes Shigella extracts and normal rabbit lymph 
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TABLE 1. ANTITOXIN FOLLOWING TRANSFER OF LYMPH NODE (L) AND SPLENIC CELLS (S)—ANTIBOpy. 
NITROGEN (mcg/ml) IN RECIPIENTS’ SERUM (CORRECTED FOR AVIDITY) 
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Exp Cells i.p. Ab-N/ml. Days following transfer Recall 
(cells) 2 4 5 7 8 11 15 21 35] (127- 
140) 
G.P.— G.P. 
13-B* L 0.42 ml.(10 ) | .005 2 1.04 
S 0.5 ml.(11 ) 1.6 2.4 8) Wa8 + 
13-A* L 0.5 ml.(8 ) | .004 24 1.6 5.1 5.1 48 22° 3 t 
S 0.7 ml.(10 ) 3 6 4 3 No 
14-A* L 0.76 ml.(8 ) .65 3.6 5.1 44.0 30" 8 
L 0.76 m1.(8 ) A922 5.1 oe. ere No 
S 0.82m1.(9 ) ce 3 2 2 No 
12-B L 0.5 ml.(8.6) |€015 2 4.7 Il 
S 0.95 ml.(11 ) .0 1.0 
7 L 0.63 ml.(8.6) | .037 31.2 36.4 Il 
S 1.1 m1.(11 ) 5 7.8 Wl 
11-A  L_ 0.45 ml.(7.5) .02+ .4 2.6 4.1 3.2 1.8 No(?) 
S 0.52 ml.(11 ) .08 8 3.2 3.2 8 No 
L 0.45 ml.(7.5) ¢ 0 0 0 0 0 No 
Rab. => Rab. 3d. 
4-B. L 1.8 ml.(2.5) a | 2+ 1.0 8 bimodal curve Yes 
4-A L 1.5 ml.(2.5) 4 8 i oF bimodal curve Yes 
OAW6L 0.7 mi.(2.6) .004 3 8 5 .35 15 No 











*Correction for avidity by factor 1.57. 


TABLE 2. TOTAL ANTITOXIN RECOVERED* AFTER TRANSFER OF LYMPH NODE CELLS (Ab-N, MICROGRAM®) 


tGuinea Pig —> Rabbit. 


























Exp. Cell Volume Within Recipient Days after 
Cells Transfer 
G.P.+G.P. xul-Bt 0.42 ml. (10 D) .06 12.7 4, killed 
xm- At 0.5 mi. (8D) .045 58.5 7-11 
xIv-at 0.76 mil. (8 D) $7.5 7 
XIV-At 0.76 mi. (8 D) 56.0 7 
XII -B 0.5 mi. (8.6 D) AY 51.6 5 - 8. killed. 
vil 0.63 ml. (8.6D) 52 510.0 8, killed. 
XI-A 0.45 ml. (7.5D) 41.0 11 
G.P.—» Rab. XI-A 0.45 ml. (7.5D) 0 2 - 120 
Rab. —> Rab. Ilt 0.8 mi. nil 
Iv -Bt 1.8 ml. (2.5D) 82.5 5 
Iv -at 1.5 ml. (2.5D) 127.0 5 
OAW 6 0.7 mi. (2.6D) .36 68.0 5 
Rab.-» G.P. IV-B, 0.45 ml. (0.65D) 0 3 - 60 
IV-Bo 0.44 ml. (0.8 D) 0 3 - 60 














*Not corrected for distribution between serum and tissues; factor = ca. 2.5 for both species. 


‘Corrected for non-avidity of antitoxin. 


node cells in vitro prior to injection into a re- 
cipient rabbit. 

The amount of antitoxin that has been found 
following the transfer of lymph node and splenic 
cells is contained in table 1, being here expressed 
as micrograms of antibody-nitrogen per ml of 
serum, and in table 2, expressed as total micro- 
grams of antibody-nitrogen recovered in the se- 
rum after the transfer of lymph node cells. Ow- 
ing to the distribution of antibody between cells 
and tissues, the figures presented must be multi- 
plied by a factor of circa 2.5 (obtained experi- 
mentally by infusion of rabbit antitoxin into 
normal rabbits) to obtain total amounts of anti- 
body produced. It will be seen that, at times, 
tiny amounts of pre-formed antitoxin may be 


found within the cells transferred; one wonder 
in what measure such pre-formed antibody may 
have been responsible for certain interpretation 
that have been arrived at by examining restimt- 
lated lymph nodes by Coons’ fluorescein-labeling 
technique? The amount is indeed small, and bears 
little relation to the amount of antitoxin produce 
by means of the transfer of these cells and found 
free in the blood stream (table 2), which is 20¢ 
1300 times greater than that which may some 
times be detected within the cells; at times, 00 
antitoxin at all may be present within the i 
jected cells. Further, as stated above, the true 
amount of antibody produced is about 2.5 time 
greater than that which remains in the serum a 
the time of optimal concentration. No reliable 
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proportionality exists between either the volume 
of cells transferred, or the contribution per donor, 
with the resultant amount of antibody-nitrogen 
obtained in the serum. With regard to transfers 
of lymph node cells within the guinea pig species, 
approximately 100 ug of antibody-nitrogen per 
1 ml cells transferred was observed in the serum 
on three occasions, but values respectively one- 
third and eight times as large have been secured. 
The latter value (810 ug/ml cells) indeed exceeds 
the amount of variation that could be expected 
from the fact that cells from stimulated lymph 
nodes are diluted to various degrees by inert cells 
from other nodal sources. It is suggestive, rather, 
of a superior utilization of the transferred cells by 
the recipient animal, perhaps on the basis of a 
greater degree of genetic compatibility. In terms 
of micrograms of antibody-nitrogen contributed 
to the serum by lymph node cells per cell-donat- 
ing guinea pig, 5.5-7.3 ug is the mid-range of our 
experiences, with values respectively one-fifth and 
§ times as large being encountered. The order of 
magnitude is shifted in the case of transfers of 
rabbit cells within rabbits. Values approximately 
100 wg of antibody-nitrogen per 1 ml cells have 
been obtained in the serum on two occasions, but 
the proportionate contribution per donor to the 
antibody in the serum on these two occasions 
were 51 and 26 wg respectively, values which cast 
further doubt on proportionality calculations. 
From the above studies, a fairly clear idea may 
be got of the amount of antibody that can be 
secured by the transfer of splenic and nodal cells, 
taken on the 3rd and 4th day after restimulation 
of donors, but not subjected to further contact 
with antigen in the recipient animal as Roberts 
and Dixon (10) have practiced. The antibody was 
measured as actual neutralizing antitoxin, and 
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allowance was made for its state of avidity. 
Values of the general order have been secured by 
Stavitsky on diphtheric antitoxins by means of 
the Boyden tanned-erythrocyte hemagglutination 
technique, although impurities in the toxoid prep 
arations used to coat the tanned cells and the 
presence of antibodies against non-toxoid impuri- 
ties in the antitoxic sera appear to make the 
results rather less reliable. The work further em- 
phasizes the parameter of avidity, which must 
play a more significant role than has been com- 
monly assumed in describing a first, output of 
antibody. That the common use of the rabbit by 
immunologists for the production of antibody 
may have blunted the need for recognizing differ- 
ences in avidity (since, as quoted by Jerne, [6], 
the rabbit comes to produce antibody of high 
avidity under the impetus of a relatively short 
series of stimuli by antigen) does not lessen the 
problem that confronts those who study the 
genesis of antibody. 
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FORMATION OF AGGLUTININS TO SHIGELLA PARADYSEN.- 
TERIAE BY TRANSFER OF LYMPH NODE CELLS! 
T. N. Harris AND SuSANNA HARRIS 


From the Children’s Hospital of Philadelphia and the Department of Pediatrics, School of Medicine, 
University of Pennsylvania, Philadelphia, Pennsylvania 


I. RECENT YEARS the transfer of cells and tissues 
from one animal to another has become one of 


1The work reviewed here was supported by 
Research Grant H-869 from the National Heart 
Institute, U. S. Public Health Service. 


the fruitful approaches to the study of antibody 
formation. This development stems most directly 
from a series of studies by Landsteiner and Chase 
(1) and then by Chase (2) in the passive transfer 
by cell of delayed hypersensitivity. In 1950 Chase 
(3) reported that the transfer of cells of lymph 
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Fr DAYS AFTER TRANSFER OF CELLS 








Fic. 1. Appearance of agglutinins to dysentery 
bacilli in the sera of rabbits following the intra- 
venous injection of 225 million cells obtained from 
lymph nodes of donor rabbits 4 days after the 
injection of dysentery bacilli. (Reproduced from 
the Ann. New York Acad. Sc., with permission 
from the Academy.) 


nodes and spleens of guinea pigs highly sensitive 
to picryl chloride to normal guinea pigs led to 
the development of skin sensitivity and anaphy- 
lactogenic antibodies to this agent in the recipient 
animals. 

The technic of cell transfer described by Chase 
was adapted in our laboratory to the study of 
antibody formation in a system characterized 
as follows: the cells were those obtained from 
lymph nodes of the rabbit; the immunologic 
response was a primary one; the material used as 
source of antigenic material was the whole dys- 
entery organism, Shigella paradysenteriae, or 
soluble antigenic material derived thereform; and 
the test for antibody in the serum of the recipient 
animal was agglutination of the whole Shigella. 
In this system the primary response is rapid and, 
relative to the sensitivity of the agglutination 
test, of adequate magnitude for the study of this 
response. 

1) Transfer of Lymph Node Cells 4 Days 
After the Regional Injection of Antigen. From 
previous study of rabbit popliteal lymph nodes 
draining sites of injection of dysentery bacilli, 
data were available as to the intervals after 
injection of antigen that antibody appeared 
and reached its maximum concentration in this 
node. Accordingly, dysentery bacilli were in- 
jected into the hind feet of rabbits, and at a 
time when it was known that the concentration 
of agglutinin within the node was reaching its 
peak, z.e. 4 days later, the nodes were excised. 
Cells obtained by teasing the lymph nodes were 
washed and transferred to fresh recipients. Serum 
was obtained from the recipients at various in- 
tervals after transfer and tested for the presence 
of agglutinins to dysentery bacilli. It was found, 
as can be seen in figure 1, that agglutinins ap- 
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peared on the first day after transfer, generally 
reached a maximum concentration by the third 
day, and began to decline shortly thereafter 
(4). 

2) Effect of Injury to the Cells Transferred, 
A question of prime importance was whether 
the appearance of agglutinins in the sera of 
recipients after the transfer of the lymph node 
cells could be attributed either to the transfer 
of pre-formed antibody, or to antibody formation 
by the tissues of the recipient animal as a result 
of antigen transferred in the cell suspension. In 
this connection experiments were performed in 
which portions of the lymph node cell suspensions 
were subjected to various injurious treatments 
prior to transfer and the agglutinin titers were 
compared in recipients of injured and control 
(fresh) cells. In such experiments the cells were 
frozen and thawed 3 times alternately in a 
dry ice and alcohol bath, or irradiated in the 
ultraviolet range, or exposed to iodoacetate at 
a concentration of 10? or 10? M, or incubated 
at 37°C for 24 hr. As can be seen in figure 2, 
after the transfer of the control suspensions 
(fresh cells) antibody appeared in a pattern simi- 
lar to that shown in figure 1. Following the 
transfer of injured cells, however, agglutinins 
did not appear at our threshold of measurement 
at all, or appeared at a later time relative to the 
time of their appearance after the transfer of 
fresh cells, and in low titer (4). The later appear- 
ance of agglutinins has been attributed to anti- 
body formation by the tissues of the recipient in 
response to antigenic material in the cell suspen- 
sion. The fact that as mild a treatment of the 
lymph node cells as incubation at 37°C for 24 
hr. resulted in a failure of agglutinins to appear 
in the first few days after transfer, in contrast 
to the results of transfer of fresh cells, indicated 
that viable cells were necessary for this effect, 
Additional evidence that the antibody found in 
the recipients’ sera was not due to release of pre- 
formed antibody, or to effects of transferred 
antigen was provided by the dissimilarity between 
the curves relating antibody concentration to 
time in cell transfer experiments and those found 
either in active or passive ‘immunization’, the 
finding that the amount of agglutinin extractable 
from the cell suspension transferred was only 4 
few percent of that measured subsequently in the 
serum of the recipient, and the observation that 
the various forms of treatment to which the cell 
suspensions were subjected did not measurably 
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DAYS AFTER TRANSFFR OF . CELLS 
Fig. 2. Agglutinin titers in recipient rabbits following transfer of lymph node cells subjected to 
various injurious treatments in comparison with untreated control cells. 


affect either the antigenicity of the Shigella 
agglutinogen or the reactivity of the agglutinin. 

3) Variations in Interval Between Injection 
of Antigen into the Donor and Collection of its 
Cells. Because of the indications that a function 
of the transferred cells was probably involved 
in the production of antibody in the recipient, it 
was of interest to determine how soon after the 
injection of dysentery bacilli into the foot pad 
the lymph node cells would be effective in trans- 
fer. Data from such experiments are shown in 
figure 3. When cells obtained 3 days after the 
injection of antigen into the donor were trans- 
ferred to recipients, the resulting antibody-time 
curves resembled those obtained with 4-day 
cells. After the transfer of fresh cells obtained at 
a 2-day interval, antibody appeared on the 
second day after transfer, and in the case of 
cells obtained at a 1-day interval, agglutinins 
appeared on the 8rd day after transfer. In each 
case the transfer of cells incubated at 37°C for 
24 hr. served as a control. In experiments in- 
volving a 2-day donor interval (the interval be- 
tween injection of antigen into the donor and the 
collection of its cells) it was still possible to 
differentiate between the effect of transfer and 


that of active ‘immunization’ by antigen present 
in the cell suspension. In the case of the 1-day 
donor interval this differentiation was not pos- 
sible, since agglutinins appeared on the third 
day after the transfer either of fresh cells or of 
heated cells. In order to determine whether ac- 
tivity of the transferred cells or active ‘immuni- 
zation’ of the recipient could account for the 
agglutinins found in recipients of 1-day cells, 
such recipients were subjected to deep roentgen 
irradiation 24 hr. before cell transfer. This pro- 
cedure served to suppress the ability of the 
tissues of the recipient to form antibodies and 
did not reduce the concentration of agglutinins 
found after the transfer of fresh cells. Following 
the transfer of fresh 1-day cells to irradiated 
recipients, agglutinins appeared on the third 
day, whereas after the transfer of incubated or 
heated 1-day cells agglutinins did not generally 
appear within the first week (5). 

These observations suggested that following 
the introduction of dysentery bacilli into the 
hind foot pads of rabbits the production of agglu- 
tinins to these organisms in the regional lymph 
node was a continuous process, which, if inter- 
rupted in the tissues of the host, could be con- 
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tinued in the tissues of a homologous recipient. 
A period of approximately 3 days was required 
for the appearance of agglutinin, in such amount 
as to reach a measurable concentration on dilution 
in the serum of the 1-kg recipient, and such frac- 
tion of that time as had not been spent in the 
donor rabbit was required in the recipient rabbit. 
This was again indicated when the donor inter- 
val was further reduced. In experiments involving 
donor intervals between 16 hr. and 10 min. 
agglutinins were detected in the sera of irradiated 
recipients, usually on the fourth day after trans- 
fer. 

This finding resembles the observation of Oak- 
ley et al. (6), who injected alum-precipitated 
diphtheria toxoid into the interscapular fat of 
rabbits and then transplated this tissue to other 
rabbits. It was found that the time of appearance 
and maximum titer of diphtheria antitoxin in 
the recipient host varied with the interval be- 
tween the second injection of the antigen and 
the transplantation. (In this system antitoxin 
appears, in the secondary response of ordinary 
active ‘immunization’, 3 days after the secondary 
injection of toxoid, and reaches a maximum on 
the 10th.) In the transplantation experiments, if 
the fat tissue was obtained 10 days after the 
second injection of antigen, antitoxin appeared 
and was at its maximum concentration in the 
serum of the recipient on the Ist day after 
transfer. If the fat tissue was obtained only 3 
days after the injection of antigen into the 
donor, antitoxin appeared in the serum of the 


recipient on the Ist day thereafter but reached 
its maximum level on the 7th day. In the experi- 
ments of Oakley et al. transplantation of the 
fat tissue immediately after its second injection 
with antigen did not lead to the appearance of 
antitoxin in the pattern described. The authors 
concluded that this was so because no time had 
been allowed for infiltration of the injected mass 
of fat, while in situ, with cells which could pro- 
duce antitoxin. 

4) In Vitro Contact of Lymph Node Cells 
with Antigens of Shigella paradysenteriae in 
Various Forms. In the experiments involving 
variations of the donor interval, as described 
above, it had been found that cells obtained from 
a donor at mal sacrificed 10 min. after injection 
of the Shag2lla could be transferred to irradiated 
recipient animals with the subsequent appear- 
ance of agglutinins in the sera of the latter. In 
later experiments cells were obtained from unin- 
jected donor rabbits and incubated in vitro with 
suspensions of Shigella. Such suspensions were 
washed and transferred to irradiated rabbits. 
The sera of the latter were found to contain a 
measurable concentration of agglutinin on the 
4th day. This concentration rose, to reach a 
maximum on the 6th-8th day after cell transfer, 
and then began to decline. Irradiated recipients 
of heated portions of such cell suspensions rarely 
showed measurable agglutinin titers within the 
Ist week (7). 

In the next study use was made of a soluble 
form of antigenic material derived from the 
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Shigella. This was obtained by incubating the 
organisms in normal rabbit serum at 37°C and 
then removing the bacterial cells by centrifuga- 
tion and Seitz filtration. The resulting filtrates 
gave serologic evidence for the presence of anti- 
genic material. If cells from normal rabbits were 
incubated in vitro wich such Shigella-treated 
serum and then washed and transferred to irradi- 
ated recipients, agglutinins appeared in the sera 
of the latter as in the case of the in vitro incuba- 
tion with the whole organisms, with the excep- 
tion that agglutinins occasionally appeared at 
measurable concentration by the 3rd day (8). 
Typical curves of serum agglutinin titer versus 
time are shown in figure 4, for recipients of cells 
incubated in vitro with whole Shigella or with 
Shigella-treated serum. 

In the case of in vitro incubation with the 
wluble form of the antigen, there was evidence 
of very little excess antigen in the suspension, 
ince the transfer of heated suspensions of 
incubated cells to non-irradiated animals did 
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Fic. 4. Appearance of agglutinins in irradiated recipients of lymph node cells which had been ob- 
tained from normal donor rabbits and then incubated in vitro with suspensions of whole Shigella (left 
half of figure), or with Shigella-treated rabbit serum (right half). The lower part of each half shows 
agglutinin titers of irradiated recipients of heated portions of such cell suspensions. (Reproduced from 
the Ann. New York Acad. Sc. with permission from the Academy.) 


not result in the appearance of agglutinins in 
half of the animals so tested. It was thus possible 
to demonstrate the cell-transfer effect by the 
use of normal rabbits as well as irradiated ones. 

More recently a soluble form of antigenic ma- 
terial has been prepared for cell-transfer studies 
by trypsin treatment, a procedure which yields 
material with several advantages over the 
Shigella-treated serum. Following the treatment 
with trypsin, the bacteria-free filtrates gave 
serologic evidence for the presence of antigenic 
material that reacts with anti-whole Shigella 
serum. These filtrates were incubated in vitro 
with lymph node cells from normal rabbits, and 
the sera of irradiated recipients of such cells were 
found to contain agglutinins to Shigella, in the 
same pattern as that found in the experiments 
with the Shigella-treated serum. The filtrates of 
trypsin-treated suspensions of Shigella were dia- 
lyzed in the course of preparation for use in the 
cell-transfer experiments. It was also found that 
the dialysates of such filtrates could be used for 
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TABLE 1. EFFECT OF ADDITION OF SHIGELLA PARADYSENTERIAE ANTISERUM AT VARIOUS TIMES IN 
ENLATION TO INCUBATION OF LYMPH NODE CELLS AND ANTIGEN 
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incubation with lymph node cells, with the sub- 
sequent appearance of anti-Shigella agglutinins in 
the recipients of those cells (9). 

5) Evidence for Occurrence in Vitro of an 
Initial Reaction Between Lymph Node Cells 
and Antigen. The introduction of soluble forms 
of the antigenic material derived from Shigella 
paradysenteriae in these studies has made pos- 
sible better evaluation of the role of the in vitro 
incubation in initiating the subsequent formation 
of agglutinin in irradiated recipients. First, as 
might be expected, the use of soluble forms of 
the antigen permits more effective washing away 
of excess antigen from the lymph node cells 
after the incubation. A sensitive test for such 
excess antigen in the cell suspension is provided 
by the injection of heated portions of the cell 
suspensions into non-irradiated recipients. In 
the experiments involving filtrates of trypsin- 
treated bacilli there is evidence that very little 
antigen is carried over with the cells, since at a 
concentration of 10~‘ almost all normal recipients 
of heated cells fail to develop measurable levels 
of agglutinins, although the use of this concen- 
tration leads to the development of maximal 
agglutinin titers in irradiated recipients of fresh 
cells. Second, in the study with Shigella-treated 
serum it was found that variations in the condi- 
tions of the in vitro incubation of cells and anti- 
gen were reflected in the serum agglutinin titers 
of recipients. Thus, incubation of cells and filtrate 


at 4°C for 30 min. was not as effective as 20 min. 
at 37°C, and incubation at 4°C for only 10 min, 
was not demonstrably effective at all. Third, 
recent data on the effect of anti-Shigella serum on 
the incubation of lymph node cells with filtrates 
of trypsin-treated dysentery bacilli have sup- 
ported the hypothesis that an initial reaction 
occurs in vitro between cell and antigen. Some of 
these experiments are summarized in table 1. 
In this table it can be seen that whereas the usual 
incubation of cells with antigen before transfer 
yielded agglutinin titers such as those shown in 
the first column (group 1), incubation of the 
filtrate with antiserum in excess before the addi- 
tion of the cells caused a marked decrease in the 
recipients’ agglutinin titer after the cell transfer 
(group 4). Similar results were obtained when the 
antiserum was added at the same concentration 
to the cells before the addition of the filtrate to 
the incubation mixture (group 8). If, however, 
cells and filtrate were incubated for the usual 
period of 30 min. at 37°C, the subsequent addition 
of antiserum did not cause a reduction in the 
agglutinin titers of the recipients (group 2). In 
subsequent experiments lymph node cells were 
incubated with filtrates, and after various times 
of incubation (30-0.5 min.) antiserum was added 
and the total mixture further incubated. It was 
found that even when the antiserum was added 
as soon as 5 min. after the beginning of the incuba- 
tion of cells and filtrate the level of serum agglu- 
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tinin titers which developed in the recipients 
were similar to those of the control group. The 
finding that after 5 min. of incubation of cells and 
filtrate the addition of antiserum had no effect 
on the subsequent appearance of agglutinins 
would suggest that some reaction between cell 
and antigen had occurred in the first 5 min. of 
that incubation (10). 


SUMMARY 


In the experiments reviewed above, the appear- 
ance of agglutinin to Shigella paradysenteriae in 
the recipients of transferred homologous lymph 
node cells has been studied in two systems: the 
first, in which antigenic material was injected into 
the donor animal and the draining lymph node 
was then used as a source of cells and, second, in 
which lymph node cells were obtained from donor 
animals not injected with antigen and were then 
incubated in vitro with antigenic material prior 
to transfer. The relation of the recipients’ agglu- 
tinin titers to the time after cell transfer is shown 
for both types of experiments. It is demonstrated 
that injury of the transferred cells prevents the 
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appearance of the agglutinins in the sera of 
recipient animals. In the case of the in vitro 
system, evidence is presented that an initial 
reaction between lymph node cells and antigen 
occurs within the first few minutes of the 
in vitro incubation. 
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QUANTITATIVE ASPECTS OF ANTIBODY RESPONSES OF 
TRANSFERRED LYMPH NODE AND PERITONEAL 
EXUDATE CELLS: ? 


FRANK J. Dixon, JAMzes C. Roperts AND WILLIAM O. WEIGLE 


From the Department of Pathology, University ef Pittsburgh School of Medicine, 
Pittsburgh, Pennsylvania 


os CELL TRANSFER technique as initially de- 
scribed by Landsteiner and Chase (1) and de- 
veloped by the Harrises (2) and others offers a 
unique opportunity for quantitating the antibody 
response made by a known population of cells. 
We have used this technique to determine the 
amount and kind of antibody produced as a re- 
sult of the transfer of a given number of trans- 
ferred rabbit lymph node or peritoneal exudate 
tells in response to a secondary stimulus by 
bovine serum albumin. The morphologic char- 


1This study was supported by United States 
Atomic Energy Commission Contract No. AT 
(30-1)-1205. 

2 This is Reprint No. 59 of the Department of 
Pathology, University of Pittsburgh School of 
Medicine. 


acteristics of these cells at time of transfer and 
throughout the secondary response have been 
correlated with the immunologic observations. 

In the present studies the scheme of cell trans- 
fer was as follows: 1) Donors were immunized by 
repeated intravenous and subcutaneous injections 
of bovine serum albumin (BSA) totaling 230 mg 
over a period of one month. 2) Approximately 
20 days after the last injection of antigen the 
donors received an intraperitoneal injection of 
100 ce of highly viscous mineral oil. 3) Three 
days after the injection of mineral oil the donors 
were sacrificed. The mesenteric and popliteal 
lymph nodes from all the donor animals were 
pooled as were the peritoneal exudates. Both 
pools were prepared as free cell suspensions, 
counted and transferred to recipient rabbits. 4) 
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Recipient rabbits which had no previous ex- 
posure to BSA were in most instances x-radiated 
(400 r whole body) two days prior to receiving 
cells. Transferred cells were injected subcutane- 
ously and intramuscularly into the ventral ab- 
dominal walls of the recipients so that the injec- 
tion sites could later be removed for histologic 
study 5). Following transfer of cells, BSA was 
injected intravenously into recipient rabbits. 

In typical experiments approximately one-half 
billion lymph node or peritoneal exudate cells 
from previously immunized donor rabbits were 
transferred into the abdominal wall of an x-rayed 
recipient rabbit and stimulated by 1.5 mg BSA. 
One-half billion lymphoid cells represent approxi- 
mately 0.5-1% of the total lymphoid tissue of a 
normal 2.5 kg rabbit (3). The distribution of cell 
types from each of these two sources was rela- 
tively consistent from one group of donors to 
another and in nine experiments averaged as 
follows: 1) lymph node cells—lymphocytes, 88%; 
macrophages and reticulo endothelial cells, 8%; 
plasma cells, 3%; miscellaneous, 1%; 2) Peri- 
toneal exudate cells—macrophages, 71%; lym- 
phocytes, 12%; polymorphonuclear cells, 13%; 
plasma cells, 1%; miscellaneous, 3%. 

The macrophages of the peritoneal exudates 
are no doubt derived from a variety of sources 
including histiocytes and fibroblasts from the 
adjacent connective tissues, mesothelial lining 
cells of the peritoneal cavity and lymphocytes 
from blood or lymphoid nodules of the omentum. 

Both the lymph node and peritoneal cells were 
capable of secondary immune responses following 
their transfer to x-rayed unresponsive hosts, and 
the responses by both were remarkably similar. 
The response of the peritoneal cells to BSA is in 
contrast to their reported inability to respond to 
bacterial antigens in cell transfer experiments 
(4). The time for elimination of circulating anti- 
gen in either type of transfer was approximately 
5 days, which is comparable to the time of the 
anamnestic response in intact rabbits. The maxi- 
mum concentration of circulating, precipitating 
antibody which was found 3-4 days after elimina- 
tion of antigen, averaged 23.0 ug anti BSA N/ml 
serum for 31 recipients of peritoneal cell transfers 
and 20.4 ug for 35 recipients of lymph node cell 
transfers. At this time the total circulating anti- 
body in the recipient was equivalent to approxi- 
mately 14 of the wet weight of the transferred 
lymphocytes and 142 the wet weight of the 
transferred macrophages. When these values are 
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converted to molecules of antibody /transferred 
cell, we find that in the case of both peritoneal 
and lymph node cells for every cell transferred 
somewhat more than 200 million molecules of 
anti-BSA were circulating in the recipient 8 or 9 
days later (5). 

Based on these observations, one can make 
certain estimates concerning the minimum anti- 
body synthesis resulting from the transfer of a 
known number of cells. First, the total antibody 
synthesized during the first 8 days of the re- 
sponse is probably two or more times that 
present in the recipient on the 8th day, since 
considerable antibody combines with circulating 
antigen and is rapidly catabolized early in the 
response and additional antibody is lost by 
normal, non-immune catabolism prior to day 8. 
Next, it is obvious that all cells do not have an 
opportunity to participate in the immune re- 
sponse since many die within the first few days 
after transfer, as revealed by histologic observa- 
tion. Since it is impossible to quantitate the 
proportion of transferred cells which are lost, 
this variable can best be minimized by basing 
estimates on the most successful transfers with 
the least necrosis of cells and the greatest circu- 
lating antibody. With both lymph node and 
peritoneal cells the recipients with the most suc- 
cessful transfers had antibody levels about 5 times 
the average figures given earlier. In these in- 
stances the transferred lymph node cells were 
responsible for the synthesis of more than two 
times their own wet weight in antibody within 8 
days and the peritoneal cells were responsible 
for an amount of antibody approximately equal 
to their own wet weight. If these estimates of 
antibody synthesis are correct and if, as seems 
likely, the transferred cells are in large part re- 
sponsible for antibody synthesis, it means that 
cells making a secondary antibody response are 
among the most active protein producers and 
secreters in the body. If the antibody response 
in intact animals is similar to that in transferred 
cells it would appear that a relatively small 
proportion of the total lymphoid tissue of an 
animal could be responsible for sizable antibody 
responses. 

That the transferred donor cells alone are 
primarily responsible for this antibody synthesis 
seems likely for several reasons: a) The recipient 
rabbits were exposed to 400 r whole body x- 
radiation, which rendered them incapable of 
responding to bovine serum albumin. 6) The 
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short induction period and prompt elimination 
of antigen observed in these experiments was 
consistent with a secondary response, as would 
be expected from the transferred cells. The ob- 
served response was 5-6 days earlier than would 
have occurred had the recipient rabbits been 
making a primary response to the antigen. c) 
The initial combining ratios of the antisera 
ranged from 8-16, values characteristic of a 
secondary response and significantly higher than 
is found in the serum in a primary response. 
d) The amount of antibody observed in the re- 
cipients was much more than is formed by normal 
rabbits during a primary response to 1.5 mg 
doses of BSA. 

In ascribing the antibody response to the trans- 
ferred cells alone, one possible reservation should 
be considered. That is, even though the x-rayed 
animals alone could not form antibodies, the 
transferred cells might supply a factor which 
would then enable the cells of the recipient animal 
to make a typical secondary response to an anti- 
gen to which they had not been exposed before. 
This, however, does not seem likely in view of the 
fact that in the cell transfer studies of Wager and 
Chase employing the diphtheria antitoxin system, 
transfer of previously stimulated cells containing 
antigen to normal recipients resulted in not only a 
secondary response on the part of the transferred 
cells but also a primary response on the part of 
the recipient (6), indicating that the ability to 
make a secondary response had not been im- 
parted to the recipient. In addition, in our ex- 
periments the donor cells were effective in elicit- 
ing a response only if they are viable. No im- 
mune response was associated with the transfer 
of frozen-thawed, x-rayed, or heat-killed cells. 

Since neither the lymph node cells nor the 
peritoneal exudate cells were of a single morpho- 
logic type, it is not certain which type or types of 
cells were responsible for antibody synthesis in 
either case. However, because the amount of 
antibody synthesized is so great, it is tempting to 
attribute its synthesis to the major cell type in 
each preparation, i.e. the lymphocytes for the 
lymph nodes and the macrophages for the peri- 
toneal exudates. In an attempt to determine 
whether the lymphocytes which made up 10-15% 
of the peritoneal cells could alone have accounted 
for the response of the peritoneal exudates, it 
was shown that lymph node lymphocytes equal 
to or somewhat greater in number than the 
lymphocytes in the peritoneal exudate transfers 
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were alone unable to transfer a detectable response. 
This strongly suggests a major role for the macro- 
phages in the response of the peritoneal exudate 
cells. Conversely, peritoneal macrophages equal 
in number to the reticulo-endothelial macrophage 
elements in the lymph node preparations alone 
could not transfer a detectable response. Since 
there was relatively little multiplication of the 
transferred cells during the secondary response 
(less than 1 mitosis/1000 viable transferred 
lymph node cells as seen in histologic preparations 
from 1-5 days after transfer), it is unlikely that 
any of the rarer cell types increased greatly in 
number after transfer. 

If the lymph node and peritoneal cell responses 
were caused by different cell types, it seemed 
possible that some immunochemical or biological 
differences between the responses might be found. 
However, to date all attempts to detect such dif- 
ferences have failed. The avidities of the anti- 
bodies from the two types of cell transfer as 
expressed by the dissociation constants have in 
several instances been determined by Dr. Richard 
Farr and found to be identical (7). The x-ray 
sensitivity of the antibody responses by lymph 
node and peritoneal cells also appear to be the 
same; 500 r given to either kind of cell in vitro 
prevents an immune response following transfer 
of the cells to x-radiated recipients. Finally, 
following antigenic stimulation there seems to be 
no consistent difference between the duration of 
antibody synthesis by these two different cell 
populations. 

Since it has been repeatedly demonstrated that 
the antibody response is associated with morpho- 
logic alterations in the cells presumably synthe- 
sizing antibody (8), it is essential, in comparing 
morphologic and immunologic behavior of cells, 
to follow them throughout the response. In the 
present study, histologic observation revealed 
remarkable similarities in the development of the 
cells in both lymph node and peritoneal exudate 
transfer sites throughout the response, in appar- 
ent agreement with the similarities in their 
immunologic behavior. These histologic observa- 
tions were made by sacrificing recipients -at 
varying intervals after cell.transfer and removing 
the transfer sites for study. Transfers of killed 
cells and of living cells which for various reasons 
did not make an immune response served as 
controls for comparison with transfers of cells 
which made detectable responses. The sequence 
of cellular changes in the transfer sites was as 
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follows: 1) After one day the transferred cells 
could be found in the edematous injection sites 
with relatively little evidence of a host reaction. 
2) At two days there was death of a variable 
number of transferred cells and a granulocytic 
host response which was more marked with peri- 
toneal cell transfers. 3) From 3-6 days the 
number of recognizable Jymphocytes or macro- 
phages decreased and immature plasma cells 
developed throughout the injection sites, roughly 
in proportion to the amount of the antibody 
formed. The granulocytic response diminished 
and a giant cell and fibroblast response devel- 
oped. 4) From the 6th to the 8th or 9th day with 
both lymph node and peritoneal cell transfers 
mature plasma cells were prominent, while the 
giant cell and fibroblast host responses increased. 
The amount of antibody synthesized could be 
correlated with the number of plasma cells found 
in the transfer sites. Prediction of good or poor 
antibody response on the basis of histologic study 
alone was accurate in 46 of 54 transfer sites 
studied. 5) After transfer of killed cells or living 
cells which for various reasons did not make an 
immune response, the recipient response devel- 
oped much as described above, but few or no 
plasma cells were seen. 

From these observations it would appear that 
both the lymph node and peritoneal cells are 
capable of transferring the ability to make a 
secondary antibody response during which large 
numbers of typical plasma cells appear in both 
types of transfer sites; and that the number of 
plasma cells which appears is correlated with the 
amount of antibody synthesized. It seems pos- 
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sible in these experiments that the plasma cells 
develop from the lymph node lymphocytes and 
peritoneal macrophages much as they do from 
the large primitive reticulo endothelial pre- 
cursors in the lymph nodes and spleens of intact 
animals making immune responses or in organ 
cultures of lymphoid tissue synthesizing anti- 
body in vitro (8). That lymphocytes and macro- 
phages should, along with the primitive reticulo 
endothelial cells, be able to go down the path 
leading to antibody formation and pyronino- 
philia is in agreement with the belief of many 
histologists that there is a close relationship be- 
tween the various morphologic entities in the 
lymphoid-reticulo endothelial system. 
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MECHANISM OF THE SECONDARY ANTIBODY RESPONSE 
TO PROTEINS! 


ABRAM B. STAVITSKY 


From the Department of Microbiology, Western Reserve University School of Medicine, Cleveland, Ohio 


EF... A NUMBER OF YEARS we have been investi- 
gating the sites and mechanisms of antibody 
formation, including especially the secondary or 


1 The studies on which this paper is based were 
partially supported by a grant from the Life In- 
surance Medical Research Fund and were con- 
ducted in part during the tenure of an Established 
Investigatorship of the American Heart Associa- 
tion. 


anamnestic response which was first described 
about 50 years ago by Solomonsen and Madsen 
(1). This reaction is manifested by a prompt, 
extensive and prolonged antibody response to @ 
second injection of protein in contrast to the 
delayed, small and shorter-lived response to the 
first inoculation. It is remarkable that in certain 
cases antigenic restimulation months or even 
years after the initial injection can evoke this 
exaggerated response (2). 
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Some 10 theories (2-5) have been proposed to 
explain antibody formation. It has been clear 
for long, however, that to obtain a deeper under- 
standing of this process it would be necessary to 
develop techniques for the study of the antibody- 
synthesizing apparatus apart from the many 
factors which influence antibody formation in the 
whole animal. Two such methods are the cell 
transfer phenomenon (6) and the in vitro produc- 
tion of antibody by organs of immunized animals 
(7, 8). These two techniques are being employed 
concurrently in an effort to develop a more 
comprehensive understanding of the nature of 
antibody synthesis. 

Our initial aim was to localize the site of anti- 
body production. Since spleen and lymph nodes 
had been implicated as loci of antibody formation 
against particulate antigens such as red cells and 
bacteria (9), these organs were examined to de- 
termine whether they participated in the anti- 
body response to soluble proteins such as toxoids. 
Diphtheria toxoid was employed because a 
second injection of this protein yielded more 
antibody per milligram of antigen than other 
proteins. These studies were expedited by use of 
a modification (10) of the sensitive hemagglutina- 
tion method of Boyden (11). 

The initial experiments (12, 13) employed the 
classical extirpation method in which the effect 
of removal of a particular organ was assessed in 
relation to the antibody response of the whole 
animal to toxoid. Figure 1 illustrates a typical 
experiment. The control animals manifested a 
typical booster response to the second intranodal 
injection of alum-precipitated diphtheria toxoid. 
On the other hand, when the lymph node was 
removed before the second injection, the rabbit 
developed a feeble antibody response to that 
injection. Similarly, when antigen was injected 
intravenously or into the spleen itself, removal of 
the spleen resulted in diminished antibody pro- 
duction. Thus, the lymph node was involved in 
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the booster reaction to toxoid after local anti- 
genic stimulation, whereas the spleen took part 
upon intravenous injection. Other investigators 
(9, 14) have reached the same conclusions from 
different types of evidence. 

We next (12, 18, 15) sought experimental evi- 
dence for the direct participation of lymph node 
and spleen cells in antibody production. It was, 
for instance, conceivable that these organs were 
not themselves responsible for the final synthesis 
of antibody, but were producing one component 
of a system involved in the over-all process and 
this component was transferred to another organ 
where antibody actually was made: 

As shown in figure 2, 20 Lf units of alum- 
precipitated diphtheria toxoid were inoculated 
into the hind foot pad of a rabbit twice with an 
interval of 3 wk. between injections. Three days 
after the second injection the popliteal lymph 
nodes were removed, cells prepared and injected 
into normal rabbits. In another series splenic cells 
were transferred after two intravenous injections 
of the donor. The animal .which receives the cells 
is called the recipient or host. As illustrated in 
figure 3, cell transplantation caused the appear- 
ance of increasing amounts of antitoxin in the 
blood of the recipient during the next 5 days. The 
extent and speed of antibody production in the 
host should be contrasted with the small amount 
of antitoxin which appeared only after 14-21 
days in rabbits injected for the first time with 
toxoid. Moreover, only 2 out of 100 recipients 
developed a delayed primary antitoxic response 
to toxoid contained in the donor cells (16). Even 
more impressive was the fact that only 2 out of 
50 of the same series of 100 recipients manifested 
a secondary antitoxin response when the same 
dose of toxoid was injected into them 3 wk. after 
the cell transfer (16). 

The cell transfer phenomenon also has been 
elicited following the use of tetanus toxoid and 
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Fig. 2. Preparation of donor for transfer of 
lymph node cells. 

















TITER +; 
RECIPIENT 
2400} 
1200} 
TOXOID 
PRIMARY RESPONSE | 
$ | ee 2 wae 
8 lad piles. Sts 2 ’ 
he i Ss a ee oe ar ee a 
DAYS 


Fic. 3. Response of recipient to cell transfer 
from immunized rabbit. 


bovine gamma globulin in the rabbit and diph- 
theria toxoid in the rat. 

The data presented to this point suggest that 
the transferred lymph node and spleen cells par- 
ticipate directly in antibody production in re- 
cipient animals. However, before further study 
could be made of these cells as the actual sites of 
antibody production, it was imperative to show 
more conclusively that synthesis of new antibody 
was occurring rather than conversion of a pre- 
cursor to antibody. 

Several plausible explanations of the cell trans- 
fer data have been offered: 1) an active immuni- 
zation of the recipient by antigen that is con- 
tained within the transferred cells; 2) the transfer 
to the recipient of preformed intracellular anti- 
body or a conversion in the recipient of an intra- 
cellular protein or non-protein precursor to anti- 
body; 3) actual antibody synthesis by the 
transplanted cells. 

Active immunization of recipient was unlikely 
because of the rapidity and extent of antibody 
production in the host contrasted with the slow 
and small antibody response of an animal actively 
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immunized once with toxoid. In addition the 
donor cells usually did not contain enough toxoid 
to elicit a primary antibody response upon in- 
jection into a host. Nor did the recipient com- 
monly develop a secondary antitoxic reaction to 
the injection of toxoid several weeks after the 
cell transfer. Moreover, antibody was produced 
when cells from immunized donors were given to 
recipients which could not be actively immunized 
because of x-irradiation (17) or pantothenic acid 
deficiency (18). The observations in vitamin- 
deficient rats are particularly reminiscent of 
findings of the Harrises on x-irradiated rabbits 
(17) in that more antibody was formed in vita- 
min-deficient than in normal rats (18). We be- 
lieve these results are explicable on tke basis of 
better survival of the transferred cells and hence 
more prolonged antibody formation since the 
deficient recipients are unable to develop a nor- 
mal immune response against the transplanted 
cells. The experiments just mentioned were con- 
ducted with A. E. Axelrod who first showed (19) 
that pantothenic acid-deficient rats did not pro- 
duce antibodies against cellular antigens or 
diphtheria toxoid. 

Thus these experiments, like the previous 
ones, provide indirect evidence pointing to the 
transferred cells as the site of antibody synthesis. 

Transfer of antigen, antibody or antibody 
precursor material might not be expected to 
require intact cells; however, it has been found 
(6, 12-15) that treatment of donor cells by heat- 
ing to 40° C for 15 min. or freezing and thawing 
abolished their antibody-forming capacity. More- 
over, transplantation of cells from one species to 
a heterologous species should convey either 
intracellular antigen or antibody to the recipient. 
However, numerous transfers of cells from im- 
munized rabbits to normal rats did not lead to 
antibody production. Others have made similar 
unsuccessful attempts involving various com- 
binations of heterologous species (14, 20). 

Not enough antibody has been detected in the 
donor cells to account for the amount of anti- 
body found in the host (12-15). Again, however, 
these findings do not exclude the possibility that 
the cells contained either antibody in unextract- 
able form or a serologically-inactive precursor of 
antibody. 

Some evidence of synthesis of new antibody 
in the host has been presented. Chase (21) 
showed that the avidity of the antitoxin arising 
in the recipient animals reflects the quality of 
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TABLE 1. COMPARISON OF TOTAL PROTEIN AND 
GAMMA GLOBULIN CONTENT OF TRANSPLANTED 
LYMPHOID CELLS WITH THE AMOUNT OF SPECIFIC 

ANTIBODY GLOBULIN IN RECIPIENTS 





Transplanted Cells* Total Antibody, 








E , t 

ste protein y globulin globulint 
Bs Mg ug 

: 35 2 40,000 

: 45 4 15,000 

r 270 9,000 





Donors: Diphtheria toxoid injected into rear 
foot pads on day 1 and 30. Lymph nodes removed 
on day 33 for transfer. 

* In experiments 1 and 2 the cells from 1 lymph 
node were transplanted, whereas in experiment 3 
the cells from 5 nodes were injected. 

+ At height of antibody response in recipients. 


the antitoxin being produced by the donor at 
the time of sacrifice; whereas, if host antitoxin 
represented a primary response to toxoid or 
transfer of an ‘intermediate’ type of antigen, it 
should have the avidity characteristic of the 
primary antibody response. However, the avid- 
ity data also can be explained by the presence 
of bound antibody or precursor in the donor 
cells. 

The most direct way to exclude the transfer 
of bound antibody or precursor was to compare 
the total protein and gamma globulin content of 
the donor cells with the amount of antibody 
which appeared in the host at the height of its 
response (22). Protein was determined by the 
Lowry method (23) applied to trichloracetic 
acid precipitates of cell extracts, and both 
gamma globulin and antibody were measured 
by the quantitative precipitin method (24). 
Table 1 shows that there is a tremendous dis- 
crepancy between the protein and gamma globu- 
lin content? of the donor cells and the total 
antibody of the recipient. Thus there is not 
nearly enough protein in these cells to account 
for the antitoxin in the recipient (22, 25). Re- 
cently Roberts and Dixon (26) reached a similar 
conclusion by comparing the amount of anti- 
body in the host with the calculated weight of 
the lymph node cells which were transferred. 
However, the discrepancy between the amounts 
of available cell material and antibody produced 
in the host did not appear from their calculations 


2 It is likely that the gamma globulin detected 
represented contamination of the extract with 
plasma gamma globulin and was not actually as- 
sociated with the intracellular environment. 
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to be as great as was actually found by analysis 
of the donor cells. 

Although these results appeared to exclude 
any sizable contribution of protein from the 
donor cells, isotope experiments were performed 
to determine more directly the extent to which 
antibody was produced from preexistent protein 
or from free amino acids (22, 25). Radioactive 
S35 L-methionine was injected intraperitoneally 
into recipients after cell transfer. From the data 
in table 2 it is obvious that this amino acid was 
incorporated ‘into the antibody produced in the 
recipient. It is significant that the specific radio- 
activity of the methionine in this antibody 
closely approximated the specific activity of the 
methionine in antibody produced by actively 
immunized animals which had been given equal 
amounts of radioactive methionine (22, 25).. 

It was then found that when §;; labeled nor- 
mal gamma globulin was injected into recipients 
after cell transfer the antibody which subse- 


TABLE 2. INCORPORATION OF S35 L-METHIONINE 
INTO ANTIBODY PRODUCED IN RECIPIENT 














ANIMALS 
Pa Recipient’s Serum 
ook Animal |Antigen} Cells ie Prevara- | Activity 
jected ae 
c/m per 
uc 
1 | rat toxoid | spleen | 350 | Serum + /|1282 mg ppt 
T+AT 
Serum + | 262 mg ppt 
EA + 
AntiEA 
2 | rabbit | BGG | spleen | 650 | Serum + | 961 mg 
BCG anti- 
body 
Serum + 56 mg 
EA + ppt 
Anti EA 
3 | rabbit | toxoid | lymph} 375 | Serum + | 58 mg 
node F anti- 
| body 
| Serum + 
BGG+/ 11mg 
Anti ppt 
BGG 























Donors: All were injected on days 1 and 30 and transplants 
made on day 33. In experiment 1 toxoid was injected intraperi- 
toneally, in experiment 3 into the rear foot pads. In experiment 2 
injections were made intravenously. 

Transfers: In experiment 1, 8:5 methionine was injected with 
cells and animal bled out after 2 days. In other experiments the 
amino acid was injected at or near peak antibody response and 
the animals bled out 12 hr. later. 

Abbreviations: T = diphtheria toxoid; AT = rat diphtheria 
antitoxin; EA = egg albumin; Anti-EA = rabbit antibody to 
EA; BGG = bovine gamma globulin; Anti-BGG = rabbit anti- 
body to BGG; » = microcuries. 

* 16.3 millicuries/gram. 
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quently was formed was not radioactive. Similar 
findings have previously been made in actively 
immunized animals by Gros et al. (27). However, 
since antibody production undoubtedly is a 
cellular process it is possible that circulating 
gamma globulin did not readily gain entrance 
into antibody-synthesizing cells and consequently 
did not participate in antibody synthesis. 

In another series of experiments (22, 25) it 
was observed that the transplantation of donor 
cells whose protein was highly labeled with §3;- 
L-methionine did not lead to labeling of the 
antibody in the recipient. These results again 
suggest that neither antibody nor a protein pre- 
cursor such as gamma globulin is present in the 
transferred cells and that antibody is formed 
from other raw material in the recipient animal. 
Anker and Green (28) from isotope experiments 
in the whole animal previously had also con- 
cluded that gamma globulin was nota precursor 
of antibody globulin and antibody was probably 
derived from free amino acids. 

After our experiments were completed, Talia- 
ferro and Talmage (29) reported similar results 
from similar transfer experiments in which re- 
cipients were given either radioactive amino 
acids or labeled donor cells. 

The foregoing data favor the concept that cell 
transplantation leads to synthesis of new anti- 
body in the recipient. Incorporation of amino 
acids occurs in association with the appearance 
of this antibody. Normal gamma globulin is not 
a precursor of antibody. There is not enough 
preformed protein in the transplanted cells to 
account for the amount of antibody which is 
synthesized. Therefore, most of the protein 
which is present in the cells is not converted to 
antibody. It is, nevertheless, possible that amino 
acids are converted to a protein of the structural 
complexity of antibody itself, but that very little 
of this precursor material is accumulated in the 
cells. 

The transplanted cells may remain functional 
for at least 3 days in the recipient because injec- 
tion of antigen into the host 3 days after cell 
transfer resulted in a booster response (16, 26). 
Within the next 4 days these cells slowly lose 
their capacity for the anamnestic reaction (16). 
Thus there appears to be a good correlation be- 
tween the viability of the transplanted cells and 
continued antibody formation in the recipient. 
Moreover, the transferred cells possess consider- 
able autonomy as indicated by their ability to 
function in recipients which are unable to make 
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antibody because of x-irradiation (17) or panto- 
thenic acid deficiency (18). However, further 
study is required to determine whether the 
transplanted cells make antibody entirely by 
themselves or whether their host appropriates 
and utilizes those elements of the transferred 
cells essential to the process. 

Transfer of spleen or lymph node fragments 
from immunized animals apparently results in 
antibody synthesis by cells within the fragments. 
The extensive studies of Hale and Stoner (30) 
and Oakley and his associates (31) support this 
conclusion. Further evidence is provided by the 
finding in our laboratory (16) that, when splenic 
fragments are transplanted from immunized 
rabbits to the anterior chamber of one eye of 
the rabbit, antitoxin can be detected in the fluid 
from this eye at a time when fluid from the 
other eye did not contain antibody. 

Depending on the route of injection and the 
dose of antigen employed, these experiments re- 
sulted in antibody production by different or- 
gans (13, 16). When antigen was injected intra- 
venously, the spleen was active; when toxoid 
was inoculated into various sites the regional 
lymph nodes were stimulated. However, diff- 
culty was experienced in inducing antibody 
formation in the mesenteric nodes. This diff- 
culty was only partially overcome by injection 
of large amounts of antigen intraperitoneally or 
small amounts directly into these nodules. Simi- 
lar data have been presented by others (14, 26). 

Our in vitro studies will be mentioned because 
they substantiate some of the conclusions de- 
rived from the cell transfer studies and also per- 
mit experiments of a type not possible by the 
transplantation technique. These experiments 
were based on previous observations (2, 7, 8) 
that lymphoid tissues from immunized animals 
could produce antibody in vitro. With the col- 
laboration of Mr. Benjamin Wolf, a suitable in 
vitro antibody-producing system was developed 
(22, 32, 33). Lymph nodes were removed from 
immunized rabbits 3 days after the booster in- 
jection of diphtheria toxoid and cut into frag- 
ments which were incubated for 20 hr. at 37° C 
in Fischer’s V-614 medium containing 20% rab- 
bit serum. At the end of incubation there was 
5-100 times more antitoxin in the medium than 
could be extracted from unincubated fragments. 
In vitro antibody production was sharply limited 
to tissues removed 3 days after the booster injec- 
tion (33). Apparently the tissues had to remain 
in the donor for 3 days after injection of antigen 
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so as to undergo some physiological process 
essential to antibody production which could not 
occur in vitro. In view of recent studies (8, 34) 
this process may consist of the development of 
immature plasma cells. 

Energy apparently is required for in vitro 
antibody formation since inhibitors of energy- 
yielding reactions such as potassium cyanide and 
2,4 dinitrophenol inhibit the process completely 
(22, 32, 35). 

Antibody synthesis also was inhibited when 
amino acid analogs such as p-fluoro phenylala- 
nine or the gamma ethyl amide of glutamic acid 
were added to the medium containing lymph 
node fragments (33). This inhibition was re- 
versed by addition of the corresponding natural 
amino acids to the medium, which suggests that 
the analogs competitively inhibit the utilization 
of the natural amino acids for antibody forma- 
tion. 

In confirmation of the earlier observations of 
Ranney and London (36) and Keston and Drey- 
fus (37), radioactive S3; t-methionine was in- 
corporated into the antibody produced in vitro 
(22, 33). However, it is possible that this incor- 
poration represents exchange (38) of radioactive 
amino acid with the corresponding nonradioac- 
tive amino acid in preformed antibody. Further 
study is needed te clarify the relationship be- 
tween in vitro net synthesis of antibody and in- 
corporation of amino acids into this protein. 

Recent experiments (33) have provided strong 
evidence that the antibody detected in vitro 
represents new antibody formed predominantly 
from free amino acids. Lymph node proteins 
were labeled by injecting S35 yeast protein hy- 
drolysate into the immunized donor animal. 
When these labeled lymph node fragments were 
cultured, the antibody which appeared in the 
medium was not radioactive. Thus this antibody 
could not have been derived from the proteins 
of the node, but came from free amino acids. 

As a rather free speculation, a conceptual 
scheme may be envisioned which accommodates 
the available observations and also serves as a 
working hypothesis to direct future studies. It is 
assumed that antibody synthesis requires a spe- 
cific template other than antigen but that anti- 
gen serves both to induce the synthesis of the 
template and also to trigger the anamnestic re- 
sponse in cells previously exposed to antigen. 
These assumptions replace the previous ones (2, 
3, 39) that the antigen directly impresses its 
configuration either upon the existing normal 
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gamma globulin or upon a polypeptide precursor 
of this globulin. In unmodified form the previous 
schemes appear incapable of explaining the well- 
known finding that antigenic restimulation 
months or even years after the initial injection 
can evoke an anamnestic reaction (2), unless it 
is assumed that antigens can persist for this 
length of time. Such persistence seems quite 
unlikely unless the antigen is a living virus that 
can undergo multiplication. However, although 
it is more plausible to assume that antigen acts 
as the inducer of the template rather than as the 
template itself, it is conceivable—although im- 
probable—that a breakdown product of the 
antigen may persist as the actual inducer, but 
that this metabolite may be unable to detonate 
the anamnestic reaction in cells already induced 
by the primary exposure to antigen. 

Figure 4 presents a thumbnail sketch of the 
primary antibody response. Following injection 
the antigen enters into appropriate cells and 
evokes some specific alteration in their physiol- 
ogy. By analogy with recent studies on other 
protein-synthesizing systems (40) this change 
may consist of the development in the cyto- 
plasm, possibly within the microsomes, of a 
template for the synthesis of specific antibody. 
The specific structure containing the template is 
then replicated during mitotic division of the 
cells so that during the several weeks after intro- 
duction of antigen an increasing number of cells 
in a lymph node, for example, acquire the poten- 
tiality of synthesizing antibody.* During mitosis, 
however, antigen is diluted and degraded intra- 
cellularly so that several weeks after the primary 
injection relatively few cells possess enough anti- 
gen to stimulate appreciable antibody synthesis; 
as a result there is only a slow rise in serum anti- 
body. This scheme pictures the response ob- 
tained with diphtheria and tetanus toxoids. On 
the other hand, proteins such as bovine gamma 
globulin may rapidly induce production of the 
template and hence rapid production of appre- 
ciable amounts of antibody, after the first injec- 
tion, but only a relatively small rise in antibody 
following the second injection. 

Figure 5 presents a schematic view of the 
secondary response to the reintroduction of anti- 
gen at this time. In cells which do not contain 


3 Whether the template, once induced by anti- 
gen, can replicate in the absence of antigen is a 
very fundamental question which cannot be an- 
swered by the available data. 
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Fic. 4. Conceptual scheme of cellular response 
to primary injection of proteins. Spheres within 
cytoplasm of cells represent the templates. Insert 
graph depicts the actual antibody response. 


specific template material, antigen could pro- 
duce the same effects as followed the primary 
inoculation. On the other hand, cells which con- 
tain the specific template, might react in a 
strikingly different way to antigenic restimula- 
tion. The cells might differentiate into immature 
plasma cells, multiply more rapidly, and corre- 
lated with this general increase in what might 
be called their basal metabolic rate, might syn- 
thesize more antibody. 

The picture apparently is different when 
bacterial polysaccharides are employed (41). 
These substances may gain entrance to the cells 
more readily and are probably less readily de- 
stroyed enzymatically than proteins. All of the 
cells potentially capable of forming antibody 
probably are doing so because they always con- 
tain antigen. Consequently, antibody production 
is maintained at a rather constant level for a 
long time and the reinoculation of antigen will 
not elicit a booster response. 

This general scheme is far from original. The 
majority of its elements can be found in the 
writings of Burnet (2), Haurowitz (3), Coons 
(34), Heidelberger (41) and Stalleybrass (4) to 
mention just a few contributors. It is encourag- 
ing that there is a good deal of evidence which is 
at least in general accord with the postulated 
events. For instance, Coons (34) recently has 
presented visual evidence for the presence of 
larger numbers of antibody-containing cells in 
the lymph node after the secondary than after 
primary antigenic stimulation. In our experi- 
ments (13, 15, 16) the entity associated with anti- 
body synthesis apparently was not transferred 
from the donor cells to those of the recipient 


Fig. 5. Conceptual scheme of cellular response 
to secondary injection of proteins. Spheres within 
cytoplasm of cells represent templates. Insert 
graph shows the actual antibody response. 


because the recipient usually did not respond to 
a booster injection of toxoid 3 wk. after the 
transplantation. It is, therefore, quite likely that 
this entity is passed only from mother to daugh- 
ter cells during mitosis and does not pass through 
the cell membranes from donor cells to cells of 
the recipient. 

Recently in collaboration with Dr. Helen 
Harrington (42) we have obtained preliminary 
evidence of a general increase in the metabolism 
of the lymph node during the anamnestic reac- 
tion. Nodes removed 3 days after secondary 
antigenic stimulation of rabbits showed greater 
in vitro incorporation of radioactive Ps. into the 
trichloracetic acid-soluble fraction, phospholip- 
ids, desoxyribonucleic and ribonucleic acid than 
nodes from normal animals. It has not been de- 
termined whether, in view of the recent studies 
of Coons :(34), this increase in metabolism was 
associated with the development of a large num- 
ber of immature plasma cells in the lymph node. 

The analytical and isotope data presented 
(22, 25-29, 33) effectively rule out the release of 
stored antibody or a precursor as the basis of the 
anamnestic reaction. However, as mentioned 
previously, the evidence is insufficient to exclude 
the presence in the cell of small amounts of a 
rapidly-turning-over serologically-inactive pre- 
cursor of the structural complexity of antibody 
itself. Figure 6 presents an over-all view of our 
present concept of antibody synthesis based on 
experiments from this and other laboratories. 
This concept is contrasted with the previous 
notion (2, 3, 39) of the conversion of normal 
gamma globulin or a polypeptide precursor to 
antibody under the direct influence of antigen. 
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Fic. 6. Previous and present concepts of mechanism of antibody synthesis from amino acids. 


Of course, these concepts are only provisional. 
Future work may relegate many of them to the 
wastebasket of history. Nevertheless, they are 
at least in broad agreement with the conclusions 
of recent genetic and biochemical studies of pro- 
tein synthesis in bacterial and mammalian tis- 
sues (43, 44). The analogy between the second- 
ary antibody response and the process of adaptive 
enzyme formation in bacteria is especially strik- 
ing (44). In both cases the presence of a new and 
foreign substance, a substrate in enzymatic 
adaptation, an antigen in the case of antibody 
synthesis, evokes a specific alteration in the 
synthetic capacity of the special cells involved. 
In both instances a new protein is synthesized 
from free amino acids rather than from a poly- 
peptide or protein precursor (44). 

Aldous Huxley has said that the aim of the 
scientist is ‘to put salt on the tail of the Abso- 
lute.’ I do not know whether the tail of the 
antibody problem has been reached. However, 
with so many people wielding salt shakers, and 
in view of the rapid advances being made in the 
uiderstanding of many related phenomena, it 
may be anticipated that in the next few years 
we shall acquire a much better comprehension 
of the fundamental mechanisms of antibody 
formation. 


The author wishes to acknowledge the techni- 
cal assistance in the course of these studies of 
Anita C. Jarchow, Bradley Brownlow and Anne 
D. Gardner, and the constructive criticism of his 
colleague, Dr. Charles Yanofsky. 
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Page 22. CHIEN (intr. by GrEGERSEN). Next to 
last sentence should read: ‘‘With increasing blood- 
losses, the degree of hemodilution increased, 
and the sympathetic activity became more 
effective.” 


Page 74. KoNIGSMARK AND FRENCH (intr. by 
SoNNENSCHEIN). Line 7: delete ‘‘is’’ and substi- 
tute ‘‘are.”’ 


Page 89. MoNKHOUSE AND MacKNESoN. Line 12 
should read: ‘‘The following levels expressed in 
units per gram of tissue...” 


Page 104. Rayport (intr. by JasPer). Line 16: 
Delete chemical formula and substitute ‘‘ferric 
ammonium citrate.”’ 


Page 110. RupoLPH AND OLSEN. Second column, 
line 9 should read: ‘‘glucose-6-C' was markedly 
decreased (85%).”’ 


Page 139. Yates AND Urquuart (intr. by Lan- 
pis). Line 2: ‘‘coritical’”’ should read ‘‘cortical’’; 
line 4: ‘‘stimulated”’ should read “‘simulated”; 
line 6: ‘‘constructed”’ should read ‘‘constricted”’; 
line 11, ‘‘rate’? should read “‘rare’’; line 22: 
“ty”? should read “‘by.’’ 


Page 205. KiiInGMAN AND HANDLER. Second 
column, lines 2 and 3 should read: ‘‘of the phos- 
phate-activated glutaminase of kidney have not 
been established... .” 


Page 232. PeireR AND LuNpDBERG. Title should 
read: ‘‘Influence of specific fatty acids on the 
development of arterial lesions in miniature 
pigs’; line 21: substitute ‘‘slight abnormality”’ 
for ‘‘a small amount of plaque formation’’; 
line 24: delete ‘“‘surface of the...’’; line 27 
through end, delete and substitute: ‘“‘plays a 
predominant role in the development of the 
arterial lesions. The lesions appear to be differ- 
ent from those of human atherosclerosis.” 


Pages 232 and 233. PETERSON AND Beatty. 
Top of page 233, second half of abstract should 
read ‘‘diabetics showed elevated B-fractions. 
Total serum proteins were lower in alloxan 
diabetics (—0.95 g % P < .005) and there was an 
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CORRECTIONS AND ADDITIONS TO MARCH ISSUE 


increase of 0.29 g% (P < .005) in 6-globulin, no 
change in a2-globulin and a decrease in a-globu- 
lin (P < .005). Seven pancreatectomized rats 
with high fasting blood sugars showed a decrease 
of 8% in serum albumin (P < .01), a decrease of 
2.8% in a-globulin (P < .05) and an increase of 
6.7% in B-globulin (P < .005) compared with 17 
controls. There was no change in total serum 
protein following pancreatectomy (P > .10). 
Six rats, deprived of pancreatic exocrine secre- 
tion, showed no change in % serum albumin, 
a or 8-globulins or total serum protein, and a 
decrease of 2.4% in a-globulin (P < .05). 
Changes in % albumin and £-globulin are similar 
to those reported in diabetic humans and do not 
agree with the changes reported in male alloxan 
diabetic rats (Nichols et al. Diabetes 5: 468, 1956. 
(Aided by PHS grants A-213 and A-1157, and 
the Glidden Co.)’’ 


Page 275. Yarp, WEATHERBY AND McKEnnis, Jr. 
In title and throughout text, ‘a-glutamy]l- 
hydrazide” should read ‘‘y-glutamylhydrazide.” 
Author’s name, ‘‘Watherby’’ should read 
‘“‘Weatherby.”’ 


Page 281. Beck AND Rieck. Line 18: delete last 
two sentences and substitute, ‘“However, mice 
which had been adrenalectomized and were 
therefore presumably incable of releasing 
endogenous epinephrine, exhibited a smaller 
trauma induced decrease in liver NPSH than did 
either control or sham operated mice. Further 
investigation of this problem is in progress.”’ 


Page 360. HorrBaveR, BARNUM AND Zakt. Line 4 
should read ‘‘tion (hypertrophic cirrhosis); 4) 
irregular periportal regeneration (atrophic 
nodular cirrhosis) .. .”’ 


Page 367. NELSON AND Davipow. Line 7: ‘‘4, 2, 2, 
and 0” should read ‘‘4, 2, 0, and 0’; line 21: 
“(totals 50 vs. 39)’ should read ‘‘(totals 49 
vs. 38)”’. 


Page 409. CHENG AND Haurowi1tz. Third and fourth 
sentences should read: ‘Serum samples were 
taken shortly before and 1 and 2 days after in- 
jecting OA-II. They were inactivated at 55° 
and found to be free of precipitating antibody.” 











News and Notes—cont. 


didates have notified us that they have accepted 
positions. The larger number of interviews and the 
larger proportion of candidates receiving inter- 
views all seem a result of the larger number of 
employers using the interview service and the in- 
creased number of available positions they repre- 
sent. 


Members of the Federation Board, 
1957-1958 


A.C. Burton, Chairman, L. N. Katz, HALLOWELL 
Davis, Physiology; J. T. Epsaui, Partie Hanp- 
LER, H. E. Carrer, Biochemistry; OTTo KRAYER, 
H. C. Hoper, Harry Beckman, Pharmacology; 
E. D. Warner, J. F. A. McManus, F. W. Harrt- 
MAN, Pathology; R. R. W1uu1aMs, G. M. Briaes, 
R. W. Encet, Nutrition; J. H. Dinas, F. S. 
CueEeEver, M. W. Cuase, Immunology. 


Society Officers, 1957-58 


Physiology—L. N. Karz, President, HAuuo- 
WELL Davis, President-Elect (Secretary), A. C. 
Burton, Past President, Ray G. Daaces, Execu- 
tive Secretary-Treasurer. 

Biochemistry—J. T. Epsauu, President, SE- 
vero Ocuoa, President-Elect, Puitiep HANDLER, 
Secretary, 8. Moors, Treasurer, H. E. Carrer, 
Past President. 

Pharmacology—OTro Krayer, President, C. 
D. Leake, President-Elect, H. C. Hover, Secre- 
tary, J. M. Diuue, Treasurer, HARRY BECKMAN, 
Past President. 

Pathology—E. D. Warner, President, W. B. 
WartMaNn, Vice-President, J. F. A. McManus, 
Secretary-Treasurer, F. W. Hartman, Past Presi- 
dent. 

Nutrition—R. R. Wiuuiams, President, W. J. 
Darsy, Vice-President, G. M. Briaes, Secre- 
tary, J. B. Brown, Treasurer, R. W. ENGEL, 
Acting Past President. 

Immunology—A. F. Coca, Honorary President, 
J. H. Drneuz, President, J. E. Smapen, Vice- 
President, F. S. Cueever, Secretary-Treasurer. 


National Library of Medicine 


The National Library of Medicine is to be lo- 
cated on the grounds of the Public Health Serv- 
ice’s National Institutes of Health in Bethesda, 
Maryland. This choice selection of a site for the 
new Library building was based on many factors, 
among which was its proximity to two large med- 
ical centers. 


International Conference 


An International Conference on Scientific In- 
formation, sponsored by the National Science 
Foundation, the National Academy of Sciences and 
the American Documentation Institute, will be 


held in Washington, D. C., in November 1958 
The Conference will be concerned with a critica] 
examination of problems of scientific information, 
emphasizing in particular those of storage and 
retrospective search of information. Also emphg- 
sized will be the exchange and critical evaluation 
of information regarding the results of research op 
storing and retrieval. Working scientists and 
documentalists are encouraged to submit pro 
posals for papers. Worthwhile papers will be ae. 
cepted for inclusion on the program whether or 
not the author is able to attend the Conference, 
Any person desiring to become a participant ip 
the Conference is urged to send the title and a 
topic outline of the paper or study he proposes to 
the Secretariat of the Conference. If the title and 
a general outline are acceptable for one of the 
areas, submission of the full paper will be invited, 
Further information can be obtained by writing: 
International Conference on Scientific Informa- 
tion, National Academy of Sciences, 2101 Constj- 
tution Avenue, Washington 25, D. C. 


World Congress 


The American Gastroenterological Association 
will be host to the World Congress of Gastroen- 
terologic Societies in May 1958. The Congress will 
convene at the Sheraton-Park Hotel, Washing- 
ton, D. C., May 25-31. Guest speakers from many 
nations will participate. Commercial and scientific 
exhibits will be held in conjunction with the Con- 
gress. 


Science Teaching Improvement 
Program 


In order to meet more effectively the goals d 
the Science Teaching Improvement Program, to 
increase the number of well-qualified science and 
mathematics teachers at the secondary schod 
level, a grant from the General Electric Educa 
tional and Charitable Fund has enabled the 
American Association for the Advancement d 
Science to establish a plan for regional consultants 
to serve colleges and universities. Twenty cor 
sultants in science and mathematics are available 
to visit colleges and universities in their areas 
upon invitation. Interested institutions are urged 
to utilize the services of these consultants with 
view to solving problems of science and mathems- 
tics teacher education. For a list of the consult 
ants, write to Dr. I. E. Wallen, Assistant Diret- 
tor, American Association for the Advancement 
of Science, 1515 Massachusetts Avenue, N.W. 
Washington 5, D. C. 


Institute of Radio Engineers 
The Professional Group on Medical Electronic, 
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the Institute of Radio Engineers, has announced 
a new ‘affiliate’ plan in which physicians, biolo- 
gists, physicists and biophysicists are invited to 
participate. The ‘affiliate’ will pay only a reduced 
PGME fee. He will receive notices of all local and 
national PGME meetings, as well as newsletters 
and the official group publication. The PGME 
aims to bring together doctors, electronic en- 
gineers, biologists and biophysicists to discuss 
the use of electronic techniques in problems of 
medicine and biology. For further information 
write to Mr. L. G. Cumming, Technical Secretary, 
Institute of Radio Engineers, Inc., 1 East 79th 
Street, New York 21, New York. 


Honors 


Dr. George R. Cowgill, Professor of Nutrition 
at Yale University and Editor-in-Chief of the 
JournaL or Nutrition, is the recipient of the 
American Institute of Nutrition’s Osborne and 
Mendel Award for 1957, in recognition of Dr. 
Cowgill’s fundamental research contributions to 
the knowledge of B-vitamins and protein nutri- 
tion. The award, consisting of $1,000 and a scroll, 
was made at the annual meeting of the Federation 
in Chicago, April 17. Dr. Cowgill is Past Chairman 
of the Federation Board. 

Dr. William Mansfield Clark, Professor Emeri- 
tus, Department of Biological Chemistry, Johns 
Hopkins University School of Medicine, has been 
selected as the recipient of the $5000 Passano 
Foundation Award for 1957. The award is being 
made to Dr. Clark in recognition of his long and 
distinguished career as investigator and teacher, 
and for his demonstration over the years of the 
importance of physical methods notably in the 
control of pH and of oxidation-reduction to the 
study of life processes. The Passano Foundation 
is sustained by annual contributions from the 
Williams & Wilkins Company, publishers of med- 
ical and scientific books. 

The John J. Abel Award, sponsored by the Eli 
Lilly Company, was presented on April 17 to Dr. 
Dixon M. Woodbury at the annual banquet of the 
American Society for Pharmacology and Experi- 
mental Therapeutics in Chicago. The $1,000 
award, given each year since 1947 for outstanding 
research in pharmacology, was received by Dr. 
Woodbury for his paper on chemical changes in 
brain fluid producing excitability and convul- 
sions. 


New Books 


AvconottsM, Basic Aspects and Treatment. Har- 
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INTRODUCTION 


J. Murray Luck 


From the Department of Chemistry, Stanford University, Stanford, California 


I. IS MY PLEASURE to introduce the panel dis- 
cussion being held this evening, to tell you in a 
very few minutes something of its background, 
and to introduce to you the participants. 

This is a working conference. It arises from 
the growing application in recent years of radio- 
active and stable isotopes to elucidate all sorts 
of problems in the experimental sciences. Some 
of the more challenging and, I may add, vexa- 
tious problems are emerging from the use of 
isotopically-labeled large molecules. With these 
we shall be concerned. 

Much could be said in support of working con- 
ferences such as this in which the difficulties 
confronting those who are using labeled proteins 
may be aired, the problems may be considered 
critically, and the participants may learn from 
one another. We are indebted to the Division of 
Research Grants of the National Institutes of 
Health and to Dr. Gutman, the Chairman of the 
Metabolism and Nutrition Study Section, for 
making this conference possible. 

I might also add, as a further introductory 
note, that the Metabolism and Nutrition Study 
Section, and I presume other study sections 
within the Research Grants Program of the 
National Institutes of Health, has before it an 
increasing number of applications for research 
grants-in-aid for work in this broad field; I 
suspect that the wise, judicious and careful 
appraisal of these applications is proving to be 
of increasing difficulty. It is difficult because the 
problems themselves are constantly in need of 
more precise definition and clarification, and 
because the hazards that attend the interpreta- 
tion of the experimental data are not always 
appreciated. 

In calling a working conference of this sort, 
the Metabolism and Nutrition Study Section 
may indeed be eager to have these problems 
presented, and the difficulties critically aired, so 
that as applications for support of research in 
this field come before the Study Section, it may 
be possible to consider these with all the wis- 
dom that they very properly deserve. We hope 
that the participants in this discussion will feel 


encouraged to speak very freely and critically 
about the way they regard this area of research, 
and that they will present the difficulties as 
they see them. I am sure that when we leave 
this room, all of us here will go away somewhat 
better informed and more appreciative of the 
complexities of research in this area than we are 
at the present moment. With equal certainty, I 
know that some very helpful ideas will emerge. 

This leads me to say just a word about the 
arrangements for the presentation of the formal 
papers. None of the speakers has been assigned 
a sharply defined topic which the Chairman could 
present to you as an exact delineation of the 
subject to be considered. But perhaps in a more 
general way, I can tell you that Dr. Oncley, 
Professor of Biological Chemistry at the Harvard 
University Medical School, will be our first 
participant and will give us the chemical back- 
ground; we shall be presented with some of the 
solid chemical considerations upon which, from 
a very fundamental point of view, the work in 
this field must rest—whether or not it rests 
there now is another matter. 

Following Professor Oncley, there will be 
papers by Dr. Howard Armstrong, who is 
Professor of Medicine at the University of IIli- 
nois Medical School; by Dr. Solomon Berson, 
Chief of the Radioisotope Service of the Veterans 
Administration Hospital in the Bronx, New 
York, who has worked extensively in this field; 
and, as the concluding contribution, a paper by 
Dr. Robert E. Olson, Professor of Biochemistry 
and Nutrition in the Graduate School of Public 
Health of the University of Pittsburgh. 

The whole program is intended to be informal, 
to be critical, and to permit us to go away froin 
here with an appreciation of the nature of the 
problems, and perhaps with some new and bril- 
liant ideas for their experimental solution. 

When we talk about investigations in this 
field, we start from a recognition of the fact that 
the most straight-forward research has been on 
problems that necessitated the use of labeled 
substances of small molecular size. It involved 
pure compounds that could be rigorously charac- 
terized; the incorporation of these into other 
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simple molecules amenable to isolation, purifica- 
tion and analysis could be pursued with direct- 
ness and without ambiguity; the reactions 
studied were comparatively simple; and so-called 
‘turnover’ and ‘uptake’ could be discussed with 
assurance. From this solid ground we have now 
risen to those more nebulous and stratospheric 
regions in which radioactive isotopes and stable 
isotopes, too, of course, are used in research with 
macromolecules of uncertain structure, of dubi- 
ous stability and of doubtful purity. We apply 
them in reactions studied in vitro, and we study 
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them with impunity in the complex environment 
and metabolic mills of the whole organism. These 
macromolecules, the proteins for example, do 
not lend themselves to the same ease of isolation 
and purification as do small molecules. Perhaps 
it is this lack of cordial cooperation on the part 
of the macromolecule and its richness in uncer- 
tainties that are at the root of our difficulties. 

And so it is to the complexities of the problems 
that are inherent in the use of these large mole- 
cules, the proteins, that this symposium will be 
devoted. 
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CHEMICAL CONSIDERATIONS! 


JoHn L. ONCLEY 


From the Department of Biological Chemistry, Harvard Medical School, Boston, Massachusetts 


M, CONTRIBUTION to this symposium is to be 
a discussion of some of the problems that must 
be faced in using protein molecules for tracer 
studies, from the viewpoint of a protein chemist. 
These remarks will be centered upon two major 
points: 1) the preparation of the protein under 
consideration and 2) the iodination of this 
material. 

The whole question of protein purity is one 
which we will not attempt to critically examine 
here. We must certainly admit that protein 
‘purity’ is difficult to define, and almost impossi- 
ble to attain. However, I do not think that this 
is one of the principal problems in most tracer 
studies, since members of a ‘family’ of closely 
related protein molecules will probably be metab- 
olized in a more or less similar fashion, and minor 
amounts of impurities will in general not greatly 
influence our results. More important is the 
question of protein denaturation. Here too we are 
dealing with a complex problem where it is 
difficult to accurately define even the term ‘de- 
naturation’. Certainly a denatured protein is 
not necessarily one that no longer will go into 
solution. An insoluble product is, of course, a kind 
of end result of this process, and fortunately an 
easy result to recognize. On the other hand, there 
are many clear looking protein solutions which 
contain large amounts of protein whose proper- 
ties are unlike those of the native material in 
important aspects. Serum albumin represents a 
protein where one can often (and perhaps always) 
find small amounts of a faster sedimenting com- 
ponent during ultracentrifugal analysis, and there 
is considerable evidence that such material is 
removed from the circulating plasma at a con- 
siderably accelerated rate as compared with the 
native protein. There may also be a considerable 
difference in the rates of removal of such protein 





1 This work has been supported by funds of Har- 
vard University, by grants from the National In- 
stitutes of Health, and by contributions from in- 
dustry. 
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components by the normal and the pathological 
subject. 

Electrophoretic homogeneity of a protein gives 
little or no evidence of homogeneity in regard 
to denatured protein; nor does electrophoresis 
alone give sufficient evidence for a single protein 
component. There are at least four completely 
different protein components of plasma which 
have nearly identical mobilities at pH 8.4 
characteristic of 6,-globulin. We certainly can 
recognize the 6-lipoprotein (or perhaps even two 
or more §-lipoproteins), the 6;-metal combining 
protein, and two other 6,-globulins which con- 
tain little or no lipid and do not interact specifi- 
cally with certain metal ions. Fortunately, they 
can easily be distinguished in the ultracentrifuge. 
On the other hand, protein preparations which 
appear homogeneous, or nearly so, in the ultra- 
centrifuge, are often found to contain several 
components when examined by electrophoretic 
methods. Thus a protein must be homogeneous 
by both of these criteria to have a reasonable 
expectation of representing a homogeneous ma- 
terial. Indeed, we should also require even other 
tests of homogeneity—uniform solubility and 
constant chemical composition, for example— 
before we can be satisfied that it is a single 
component. 

The reactions of protein with iodine are quite 
complicated, and have been studied by a number 
of workers. In view of several recent studies of 
this reaction, we will not attempt here to do more 
than mention a few of the more obvious aspects 
of this reaction. For more critical analysis, re- 
cent studies by Hughes and Straessle (1), McFar- 
lane (2) and Hughes (8) should be consulted. The 
following would seem to be the more important 
conclusions of these and other studies: 

Various iodination reagents are known to 
react with several kinds of groups in most 
proteins. Reaction with the phenolic groups 
(tyrosyl residues) would seem to be the best 
goal for the introduction of iodine into the 
molecule, although certain easily oxidized 
residues, especially sulfhydryl groups, are 
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probably the first to react with small amounts 
of reagent. (Studies involving initial reaction 
with small amounts of other oxidizing reagents 
which might react with these most easily 
oxidized groups, followed by iodination re- 
agents might avoid this complication, but to 
the best of my knowledge have not been car- 
ried out.) The reagent of choice would appear 
to be I;-, buffered so that the reaction medium 
will be in the pH range from 9.0 to 9.5. The 
concentration of iodination reagent should be 
as low as possible, and the protein concentra- 

tion should be in the range from 2 to 10% 

whenever possible. The reactions should be 

carried out with care to avoid local excess of 
reagents. The temperature should be main- 
tained at very nearly 0°C. 

By using such conditions, Hughes and Straessle 
were able to prepare iodinated human serum 
albumin which could be crystalized in good 
yield, and McFarlane has shown that quite re- 
producible half-lives can be obtained when 
various specific methods are used, so long as he 
uses the principles outlined above. 

Removal of uncombined iodine must also be 
carefully accomplished. Dialysis of the resulting 
protein solution under conditions of maximum 
stability for the protein is usually the method 
used, but careful use of ion-exchange resins which 
will replace iodide ions by chloride or acetate 
ions has been found to be satisfactory and less 
time-consuming for at least some proteins. Some 
studies should also be carried out to be certain 
that a strong binding of iodide ions by the protein 
has not led to the incomplete removal of such 
reagent during the above procedures. The use of 
trichloracetic acid, or other protein denaturing 
reagent which should not free iodine actually 
incorporated into tyrosyl! residues, as an analyti- 
cal test for the absence of iodide ion is recom- 
mended. 

It is very important to study carefully the 
results of any particular iodination procedure in 
order to know that complicating reactions have 
been held to a minimum. The use of the ultra- 
centrifuge as an analytical method which can 
show the absence of appreciable quantities of 
molecules of altered size or (to some extent) 
shape has been of considerable value. Careful 
studies of the reproducibility of the half-lives 
obtained when materials which have been 
iodinated under varying conditions and to differ- 
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ent amounts are injected into experimental 
animals are also of much value. It should also be 
pointed out that a method quite suitable for the 
iodination of a quite stable protein, such as serum 
albumin, may not be satisfactory when applied 
to a protein which is less stable, or which may 
react with iodine in a different manner. 
Another problem pertinent to the iodination of 
proteins is the amount of homogeneity in regard 
to iodination which we will obtain under different 
conditions. Ideally we would like to obtain ma- 
terial which uniformly contained only one or two 
iodine atoms per mole of protein, since this would 
result in the least possible alteration of the 
protein. The statistical distribution of label if we 
consider a protein with a given number of identi- 
cal reactive sites can be easily calculated from 
equations derived from probability considera- 
tions. We shall assume that a second label and 
other subsequent labels have the same likelihood 
of reaction as the first, except with the group al- 
ready occupied which we will consider unreactive 
to any further extent. These conditions are 
probably not true for the iodination of tyrosyl 
residues, since Hughes and Straessle have shown 
that a second iodine is more likely to react with 
a mono-iodotyrosyl residue than with an un- 
modified residue, but this assumption simplifies 
our calculation, and the actual case will probably 
be only slightly worse than we calculate here, 
especially if we consider iodination of only a few 
residues among many capable of reaction. 
We will define the following quantities: 


m = maximum number of reactable resi- 
dues 
n = residues actually reacted 
R = groups introduced per mole of protein 
C, = concentration of derivative contain- 
ing n groups 
nC, = radioactivity of derivative contain- 
ing n groups 
donc, = total radioactivity, where n_ varies 
from 0 to m 


We can then easily calculate the fraction of the 


radioactivity contributed by molecules containing 
n groups from the equation 


nC,/Z nC, 
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TaBLE 1. STATISTICAL EFFECTS DURING PROTEIN 














IODINATICN* 
% of radioactivity in molecules containing n atoms 
of iodine 
Iodine atoms/ | 
mole protein in | 6/1 | 4/1| 2/1] 1/1) 1/2| 1/4 | 1/6 |1/10)1/20|1/50 
final product, R | 
Residues 
reacted, n 
0| 2 13 | 38 | 62 | 78 | 85 | 91 | 95 | 98 
2 1 7 | 28 | 38 | 30} 1 14 9 5 2 
3 4/15 | 28 | 18 7 2 1 
4 C1! 4 et a4 
5 15 | 21 8 1 | 
6 18|16| 3 
7 18 | 10 1 | | 
8 15| 5 ae 
9 10| 2 eee | 
10 6 1 | | 
11 3 | 
12 1 | 


























* Calculated from equation 1 for a protein with m = 24 react- 
able groups. 


TABLE 2. STATISTICAL EFFECTS DURING 
PROTEIN IODINATION* 
% of radioactivity in molecules containing 
one atom of iodine (n = 1) 














Maximum no. | Iodine atoms/mole protein in final product, R 
of reactable 

‘Sigel 1/1 1/10 | 1/20 | 1/50 

1 100 100 | 100 | 100 

2 50 95 98 99 

4 42 93 96 99 

8 39 92 96 98 

12 38 ee 96 98 

24 | 38 91 95 98 

100 | 37 91 95 98 














* Calculated from equation 1 for proteins with 
different reactable residues, m. 


where m, n, and R are given various values. 
Table 1 is for the case where m is 24, and where 
R is varied from 6/1 to 1/50. In table 2 we have 
varied m from 1 to 100 and R from 1/1 to 1/50. 
These values cover the range of reaction of inter- 
est to us in the iodination of serum albumin. 
Although albumin contains 18 tyrosyl residues, 
each theoretically capable of reacting with two 
iodine atoms, it would appear that some of these 
residues are considerably less reactive. The num- 
ber 24 is only a guess, but we will show that the 
total number of residues is not very important 
when we wish to react only a few groups. 

Table 1 shows that very heterogeneous prod- 
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ucts will be obtained unless we can aim at very 
low levels of modification. If we attempt to add 
say 6 atoms of iodine per mole of albumin, we 
get appreciable amounts of activity in fractions 
containing up to 10 or so atoms. At an average 
level of 2 atoms of iodine, we find 13% of the total 
radioactivity in molecules containing 5 or more 
atoms of iodine, and at an average level of 1 
atom we find 8% of the total radioactivity in 
molecules containing 4 or more atoms. Only when 
we have aimed at a modification of 1/10 do we 
have less than 10% of radioactivity in molecules 
containing more than 1 atom of iodine. It can be 
seen from table 2 that these calculations are 
relatively insensitive to our choice of the maxi- 
mum number of reactable residues, m, so long as 
we are using small ratios of iodine per mole of 
protein. 

If we attempt to use very small ratios of 
iodine per mole of protein, it is very likely that 
most of the added reagent will be used up in 
deleterious side reactions (with a few very 
reactive groups like sulfhydryl) and not result 
in an introduction of the iodine into the protein 
molecule. If some other mild oxidizing agent could 
be first used to react with these extraneous groups 
of a protein, as was suggested earlier, then it 
might be possible to use ratios of modifying 
reagent in the range of 1/10-1/50 with a great 
gain in homogeneity. (At the present time this 
procedure would not be practical.) 

Another type of study of protein half-lives 
involves the preparation of a heterogeneous mix- 
ture of marked proteins, perhaps by the feeding 
of marked amino acids or other precursors, from 
which we must isolate the particular purified 
protein under study. Here our criteria of protein 
purity are equally important, but can be applied 
at the end of the experiment. Here we are not so 
concerned by protein denaturation if we can be 
sure that a specific protein entity is recovered, 
and this may be a method of choice for a protein 
of very labile character. The use of specific 
antisera can be very helpful here, but again we 
must prove the specificity of the antisera to a 
given homogeneous protein. Thus in the above 
procedures we are not able to avoid the necessity 
for careful studies of homogeneity. 

We have not attempted to define the amount 
of iodine which can be introduced into a protein 
without a significant change in its metabolism 
or function, or with the problems of the reutiliza- 
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tion of protein fragments, since these will be 
treated by other members of this symposium. We 
have concentrated our attention on a few of the 
problems of obtaining and maintaining homoge- 
neous preparations of proteins for studies of this 
type. The problem is not an easy one, and we 
would like to leave this discussion with an 
admonition to take very little for granted in 


this work, and to carefully study the procedures 
used for each individual protein investigated. 


REFERENCES 


1. Hueues, W. L., Jr. anp R. StRaEssLeE. J. Am, 
Chem. Soc. 72: 452, 1950. 

2. McFar.aneg, A. S. Biochem. J. 62: 135, 1956. 

3. Huaues, W. L., Jr. Ann. New York Acad. Sc. 
In press. 








e 16 


ires 


Am. 


. Se. 





FAILURE OF SUPPLEMENTARY DIETARY AMINO ACIDS TO 
MINIMIZE THE EFFECT OF S*® REUTILIZATION ON THE DIE- 
AWAY PLOTS OF AUTOSYNTHESIZED ALBUMINS 
AND GAMMA GLOBULINS! 


S. Howarp ArMstTRONG, JR., Davip BRoNSKY AND SAMUEL HyMAN 


From the Hektoen Institute of Medical Research, Cook County Hospital, and the Departments 
of Medicine, University of Illinois College of Medicine and Northwestern Uniewety 
Medical School, Chicago, Illinois 


IL THE INTERPRETATION of rates of turnover of 
plasma protein fractions in disease states, it 
would be a great advantage to be able to measure 
rates for proteins synthesized by the diseased 
subject himself. 

Thus, while the rheumatoid arthritic and the 
normal subject differ only slightly in ‘apparent 
tumover times’ for normal pooled gamma 
globulins in vitro labeled with I and intra- 
venously injected, this fact carries no guarantee 
that the rheumatoid is not turning over a fraction 
of his own abnormal gamma globulins at quite a 
different rate than the normal subject (1). 

Our group’s three years of work (2-5) in seek- 
ing valid apparent turnover times of proteins 
autosynthesized following the oral S* label carry 
for us more discouraging implications than are 
suggested by the careful studies of Volwiler and 
his colleagues (6). Our consistent finding of 
longer apparent turnover times of the autosyn- 
thesized protein fractions than those of compa- 
rable intravenously injected fractions (whether 
in vitro I}! iodinated or in vivo S* labeled) 
emphasize the point made by Luck (7) in his 
recent editorial: “One can be reasonably sure 
that recycling will constitute a serious problem 
in experiments in which albumin-S®, C4 or N% 
is employed.” 

This probability of continuous reutilization 
has led McFarlane and his colleagues in England 
to his recently published animal comparisons of 
disappearance rates and pool sizes of proteins 


1 These studies have been supported by Grant 
H-1511(C,C2) from the National Heart Institute, 
U.S. Public Health Service. Publication in extenso 
of these results is in preparation for the series in 
the J. Lab. & Clin. Med. 

* In this report ‘apparent turnover time’ is used 
in preference to ‘biologic half life’. This is equal 
to the biologic half-life divided by the natural 
logarithm of 2. 
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both labeled in vitro with I'* and autosynthe- 
sized by another animal after C™ ingestion. 
These workers comment “This method . . . does 
not entirely eliminate recycling of the label but 
reduces it to negligible proportions” (8-10). 
Luck’s editorial, however, states ‘It is common 
practice to minimize this source of error by the 
administration of relatively large quantities of 
unlabeled cystine, methionine, or such other 
amino acids which, by entry into the amino acid 
pool, will dilute out the labelled amino acid re- 
leased from the protein during metabolism. How 
effective this device is cannot be determined.” 
The results presented here relate to: /) an 
appraisal of the suggestion of Volwiler’s group 
that, on intermediary metabolic grounds, cystine 
will be less subject to recycling than methionine; 
2) an appraisal of the device of dietary unlabeled 
amino acid supplements; 3) whether the intra- 
venous route is preferable to the oral route for 
administration of the labeled amino acids. 


RESULTS 


Die-Away Plots Following Oral S* Methionine 
Without Unlabeled S Amino Acid Supplementa- 
tion. Customarily the slope of the first 5 days of 
a die-away plot is considered chiefly representa- 
tive of equilibration of the intravascular labeled 
plasma protein with the extravascular pool. The 
slope for the next 10 days or so is considered 
chiefly characteristic of the rete of metabolic 
degradation of the labeled protein. 

In our previously published studies we have 
reported a very frequent flattening of the slope 
of the die-away plots which may begin late in 
this ‘metabolic period’ and, particularly following 
oral S* labeled yeast, may become quite striking 
between the 20th and 40th days. More rarely 
have we noticed such flattening with an intra- 
venously injected in vitro labeled protein. 

In figure 1 are presented albumins and gamma 
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Fic. 1. Albumin and gamma globulin die-away plots in 5 patients with abnormal gastrointestind§ bet 


tracts following methionine S** ingestion. 


T. N. (top): chronic pancreatitis; serum albumin 0.7 gm%. Al. J. (second from top): postoperative 


total pancreatectomy; serum albumin 2.8 gm%. Au. J. (third from top): chronic calcific relapsing oe 
pancreatitis; serum albumin 3.4 gm.%. M. L. (fourth from top): chronic calcific relapsing pancreati- the 


tis; serum albumin 3.8 gm%. L. D. (bottom): sprue; serum albumin 2.4 gm%. 
Apparent turnover times corresponding to slopes of selected segments are indicated next to the arrows 


globulins die-away plots of five subjects. The 
subjects represent a variety of nutritional prob- 
lems with albumin levels ranging from 0.7 to 
3.8 gm%. Some clinical details on the subjects 
are given on the legend to the figure; these de- 
tails are less important to use here than the form 
of the die-away plots, particularly in the first 
five days representative of ‘equilibration’ when 
the slope should, in the absence of isotope re- 
utilization, be sharply downward. The top two 
and bottom subjects have rising specific activity 
levels for albumins and gamma globulins during 
these first days. The two middle patients in the 
figure have specific activity levels which, although 
showing an initial decline in the mixing and meta- 
bolic periods, show some evidence of a rising 
level before a final falling slope. Whereas the top 
two patients could not be described as clinically 
in the ‘steady state’, the bottom three could so 
be described. Therefore, these roller-coaster die- 


sloy 


away plots clearly preclude any graphical trans lab 
lation of slopes into apparent turnover times§ this 
The initially encountered rising slopes suggest sf thr 
label recycling so great as to obliterate com§ i 
pletely the downward slope ordinarily charac-§ 4pp 
teristic of the equilibration period. We thuw§ tor 
concur in the suggestion of Volwiler’s group thaf 1 
the oral S** methionine label is not adaptable tog ccc 
clinical studies of plasma protein fraction tum S* | 
over by die-away plot. conf 

Comparison in a Hypoalbuminemic Subject off 8a 
the S* Methionine Oral Label with the My C 
Intravenous Label for Albumins and Gammuf the 
Globulins. In figure 2 are presented three sequen Yenc 
tial studies on a patient whose nutritional hypof lias. 
albuminemia was due to a faulty intestinal tion: 
surgical anastomosis. It will be noted in botif betw 
studies following oral S* methionine a) the vher 
albumin die-away plots show either unchanging ‘ope 
or increasing specific activity for almost thre 'urnc 
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Fie. 2. Comparison of die-away plots of albumins and gamma globulins following oral S*5 methionine 
and following intravenous I'*! labeled protein fractions (Patient W. S.). The top two lines in the upper 
and lower diagrams represent duplicate studies with the oral isotope and show in the first study terminal 
dropping off rather than a terminal flattening of the die-away plot. A glance shows the great difference 
ntestind— between the I'*! and S* slopes in this subject. Corresponding apparent turnover times are indicated as 
in fig. 1. 
operative . 
relapsing weeks, and b) the comparable die-away plots for than are usually found after the oral S* isotope 
anny the gamma globulins while not rising or flat show _ but still considerably longer than with compara- 
e arrows 2 very slow decrease with time. By contrast, — ble findings with the I'* intravenous label. While 
slopes of the plots following intravenous I" _ this result is consistent with the Volwiler group’s 
al trans-§ labeled proteins show steep declines. For albumins suggestion that cystine may be preferable to 
or timep this corresponds to an apparent turnover time methionine from a recycling standpoint, clearly 
suggest ip three or four days shorter than is usually found cystine lessens but does not eliminate the dis- 
ate com-§ i normal subjects. For gamma globulins the crepancies between apparent turnover times ob- 
, charac f apparent turnover time is shorter than in the tained by the S*® and I!*! methods in the same 
We thu 2ormal, but less so. subjects. 
roup thatf This type of subject illustrates the most Comparison of Effect of Dietary Unlabeled 
ptable accentuated discrepancies between the I! and S Amino Acid Supplements on Apparent Turnover 
ion tum S* labels that we have encountered and further Time of Plasma Protein Fractions Immediately 
confirms our dissatisfaction with oral methionine and Months After Oral Administration of the 
ubject of a valid label for clinical investigation. S* Label. We have previously reported the fail- 
the I™— Comparison in a Hypoalbuminemic Subject of ure of dietary unlabeled oral methionine and 
Gammif the S** Cystine Oral Label with the I'*' Intra- cystine supplements to influence the very flat 
e sequel "enous Label for Albumins and Gamma Globu- albumin and gamma globulin die-away plots of 
nal hype ins. In figure 3 are illustrated for another nutri- one uremic subject (2). While consistent with the 
intestinal tionally hypoalbuminemic patient a comparison report of Madden and Gould (11) on fibrinogen, 


| in botif between I'*! and S* apparent turnover times 
>» a) th Wvhere the oral label has been -cystine. Here the 
:changing§ ‘lopes during the metabolic period yield apparent 
ost thre§ turnover times which are significantly shorter 


this finding provides no evidence that such 
supplementation effectively minimizes isotope 
reutilization. 

The following results illustrate our search for 
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Fic. 3. Die-away plots on patient T. C. with 
nutritional hypoalbuminemia secondary to pro- 
longed low protein intake. The upper two plots are 
for albumins and gamma globulins following oral 
$*5 L-cystine. The lower two plots are following 
the intravenous injection of I'*! labeled fractions. 
Apparent turnover times corresponding to the 
slopes during ‘metabolic decay period’ are indi- 
cated to the right of the plots. 
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such evidence. The top die-away plot of figure 4 
gives the specific activities of the unfractionated 
proteins of a metabolically normal subject, J. M, 
8 months after oral labeling with S* yeast. During 
the period of supplement administration (2.5 gm 
each of cystine and methionine per day) the 
immediately steepening slope corresponds to the 
apparent turnover time of 17 days (about 4 days 
longer than the mean apparent turnover time 
of J. M.’s albumins and gamma globulins 4; 
measured by intravenously injected I'*! labeled 
fractions). The plot flattens on cessation of 
supplement. 

In the second study on J. M. the same dosage 
supplement was started 18 days after administm. 
tion of the oral label. The findings (bottom see. 
tion of fig. 4) are quite different. The initial 
upward albumins slope and flat gamma globulins 
slope suggests intensive isotope reutilization 
during this mixing period. More important ar 
these findings: a) the albumin slope turns down- 
ward before the supplement is started; 6) the 
slope flattens rather than steepens during the 
supplement; c) neither the albumins nor gamma 
globulins slope becomes as steep as the slope for 
unfractionated proteins when the supplement is 
given 8 months after the oral label. 

Following the analogy of Schoenheimer and 
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6 MO. AFTER ORAL LABEL 


















COUNTS 


PER 
(ARBITRARY SEMILOGARITHMIC 


6-O- - + ~~ — 140 DAYS 
Ts ig ea 
—— 17 DAYS 
a WPirvtenen/ 777) 
< 260 pays *7° arrer *®° orar 29° , ager 300 _ 
ye SECOND STUDY: FRACTIONS 
i IMMEDIATELY AFTER ORAL LABEL 
_ o-O 28 OaYS 
= ae - 64 OAYS 
= -o. 4 
= : “Oo “y-0- 5 ALBUMINS 
® -$3 DAYS 
a" 6 y StosuLins 


17 DAYS 
a 








Xi Az 3 GLOBULINS 











i. berrismss IL 








Fic. 4. Comparison of effect on die-away plots of oral unlabeled S amino acid supplementation 
started 8 months (top section) and 18 days (bottom section) after oral dose of S*5 amino acid. (Patient 
J.M.). Because of low specific radioactivities, fractionation in the first study (upper) was impractical. 
Fractions prepared as described elsewhere are plotted for the second (lower) study. 
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his group’s classic studies on N® (12), these 
findings suggest that only after the oral label has 
become well distributed through the body’s 
tissue protein stores with very slow turnover 
rates can recycling be repressed by oral unlabeled 
supplements. This takes months, not days. When 
after 2 weeks or so such organs as the liver have 
specific activities about as high as those of simul- 
taneously obtained plasma proteins (4), oral 
supplements at this dosage seem ineffective. 
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Fic. 5. Two sequential studies in same subject 
(J. M.) to illustrate immediate oral supplementa- 
tion (5 gm cystine, 5 gm methionine/day) on albu- 
min die-away plots following intravenous 8% 
cystine. Apparent turnover times are indicated as 
in previous figures. 
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The following apparent turnover times illus- 
trate the interpretative dilemma for subject 
J. M. at this point. 


Days 
amma 
Label Albumins globulins 
S*5 oral yeast (no supplement) 64 40 
S*5 oral cystine (no supplement) 28 41 
(supplement) 64 53 
[/31 intravenous fraction 17 12 


Effect of Oral Supplementation Immediately 
Following Intravenous Injection of S* Cystine. 
Confirmation of the figure 4 experiment in 
another metabolically normal subject still left 
these possibilities: a) that the oral supplement 
was too small; b) that it was given too late after 
the initial oral label; c) that the intravenous 
route might be preferable to the oral route for 
labeling administration (in order to minimize 
the length of time significant label concentra- 
tions were circulating through the liver.) 

Figure 5 presents two further albumins die- 
away plots on subject J. M. of figure 4. The oral 
supplement was increased to 5 gm of cystine and 
5 gm of methionine a day. This was started 
immediately following the intravenous injection 
of the S* labeled cystine. It will be noted: a) 
in neither study was a single characteristic die- 
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Fig. 6. Albumin §* specific activities (uptake plots) following oral S*5 methionine (500 uc) without 
unlabeled amino acid supplementation in 9 subjects with albumin levels ranging between 0.7 and 3.3 
gm%. (Specific activities are corrected to a single arbitrary standard of counts/min/gm albumin as of 


day of isotope administration.) 
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away plot slope seen;* b) the two die-away plots 
are far from superimposable, although no clini- 
cal change was noted between experiments. 
(These findings have been duplicated in another 
metabolically normal subject.) 

Specific Activity Uptake Plots. Our studies 
(fig. 6) confirm Kinsell and his coworkers’ (13) 
observation on a case of idiopathic hypopro- 
teinemia, namely, that the initial maximum 
specific activity level following a standard oral 
isotope dose can prove much higher in the pres- 
ence of hypoalbuminemia than with normal 
serum albumin concentrations. Because of the 
possibility that this is related to the diminished 
apparent exchangeable albumin pool (demon- 
strated by the I'*! method in the hypoalbumine- 
mic subjects), we do not feel at the moment that 
uptake studies can supplant our unsatisfactory 
die-away plots as a crude clinical measurement 
of rates of synthesis of a specific protein com- 
ponent. We as yet have had no experience with 
methods comparable to the constant exposure 
technique used in the nucleic acid studies of 
Swick et al. (14). 


SUMMARY AND CONCLUSIONS 


The use of S* cystine, whether given orally 
or intravenously, whether or not accompanied 
by oral supplements of unlabeled 8 containing 
amino acids in dosage as high as 10 gm/day, have 
provided die-away plots for albumins and gamma 
globulins whose slopes do not have sufficient 
consistency or reproducibility to permit valid 
metabolic interpretation in terms of apparent 
turnover times for serum albumins or gamma 
globulins. Even with immediate unlabeled supple- 
ment the results are only slightly more satisfac- 
tory than following the oral S* methionine label. 
The discrepancies in apparent turnover times 
between autosynthesized and _ intravenously 
injected fractions have not been eliminated. 
While an apparent effect of oral supplementation 


3 The top study shows a flat slope for the early 
part of the supplement period, followed by a sharp 
steepening. This study could not be carried out 
further than the indicated 20 days because the 
specific activities of the proteins became too low 
for significant measurement. (Specific activity 
levels following the intravenously labeled protein 
with this type of supplementation are about one- 
third of those obtained with a comparable dose of 
isotope orally administered and without supple- 
ment.) In the bottom study, while a slope from the 
5th to the 12th day gives an apparent turnover 
time of 23 days, this value is still about 6 days 
longer than a comparable figure with this subject 
as measured with I'*! albumin. 
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has been noted on the slope of die-away plots 
some months after the oral S* amino acid label, 
a method based on this finding would be hardly 
of value for clinical investigation. As a rule, one 
wants turnover data in the immediate future and 
not after months in which unpredictable clinical 
phenomena can occur. In our opinion these 
findings make it very unlikely that oral isotope 
administration, except in the most crude empiri- 
cal fashion, is going to prove a valid tool for the 
study of protein turnover in disease states. 


We are indebted to Dr. D. Tabern of Abbott 
Laboratories, North Chicago, for making avail- 
able to us preparations under study in his institu- 
tion. The senior author thanks Warden Fred Hert- 
wig of the Cook County Hospital and the Dr. 
Leonard H. and Louis D. Weissman Medical 
Research Foundation for the provision of basie 
facilities for protein research at the Hektoen 
Institute. 
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DISTRIBUTION AND METABOLISM OF I LABELED 
PROTEINS IN MAN 


Sotomon A. Berson AND Rosatyn S. YALOw 


From the Radioisotope Service, Veterans Administration Hospital, Bronx, New York 


D.. Armstrong has illustrated to us the com- 
plications introduced into protein turnover 
studies by the reutilization of S*. Similar diffi- 
culties are likely to be inherent, to a greater or 
lesser degree, in studies employing N** and C™. 
These particular disadvantages are not shared by 
I"! as a protein label, since if thyroidal accumula- 
tion of I! is blocked by administration of rela- 
tively large amounts of stable iodide, the iodine 
released by metabolic degradation of the labeled 
protein is not reutilized to any significant extent. 
Furthermore, in the case of labeled serum 
proteins, the iodine released is almost quantita- 
tively excreted in the urine at a rate which is 
quite rapid compared to the rate of protein de- 
gradation. Therefore the latter becomes rate 
limiting for the appearance of protein-free [!* 
in the urine so that the urinary excretion of I!*! 
can serve as a measure of protein turnover in 
such cases. 

I! labeled serum albumin may be used to 
demonstrate some of the methods employed in 
the application of I labeled proteins to turn- 
over studies. Of interest is its rate of transfer 
between anatomic or physiologic compartments, 
its ultimate distribution among those compart- 
ments, its rates of degradation and synthesis 
(which are equal in the steady state) and the 
anatomic sites at which these processes take 
place. Some of the more basic questions regarding 
the mechanisms governing these processes are 
not readily forthcoming from studies in the 
whole animal and require less complex and more 
readily controllable systems. Nevertheless a fair 
amount of information has been obtained from 
observations following intravenous administra- 
tion of I! labeled proteins in the intact animal. 
Since our experience has been primarily with 
man, the present discussion will be restricted 
chiefly to experiments in this species. 

Following intravenous administration of I'* 
labeled albumin, the plasma _ concentration 
(plotted logarithmically as a function of time) 
falls in a curvilinear fashion at first and then 
approaches a straight line (1). The very earliest 


changes in concentration are related to mechani- 
cal mixing in the plasma which is not complete 
for some 5-10 minutes at least (2). Doctors 
Bauman and Rothschild (3) in our laboratory 
have demonstrated directly that in those regions 
of the body where blood flow is relatively small 
compared to blood content, particularly in the 
lower extremities, uniform mixing frequently 
takes 7-8 minutes, while in those organs with 
high rates of blood flow, mixing is complete 
within a minute or two. 

After the mixing period the plasma concentra- 
tion continues to fall, initially at a rate of about 
4% per hour, with a gradually decreasing slope 
until, after 4-7 days, a straight line decrease is 
observed (4). During the period of changing 
slope, the fall in plasma concentration reflects 
equilibration of albumin-I'* between intra- and 
extravascular albumin pools, as well as the 
metabolic degradation of albumin. The final 
straight line decrease represents the rate of 
degradation. Since the initial rate of loss from 
plasma is about 4% per hour and total circulating 
albumin averages about 135 gm, we conclude 
that some 5 gm of albumin or more passes across 
the capillaries each hour or that an amount equal 
to the entire circulating albumin passes daily 
(table 1). It is probable that return to the blood 
stream is almost exclusively by way of the 
lymphatics. 

In subjects with ascites or other large and 
slowly eauilibrating pools of extravascular al- 
bumin, ‘!2 time required for equilibration is 
generally prolonged. In one case of decompen- 
sated cirrhosis with ascites where the tagged 
albumin was administered intraperitoneally, 
mixing was not complete even after 3 weeks (5). 
It must be emphasized that unless sufficient time 
for distribution is allowed, not only will the 
exchangable albumin pool be underestimated but 
also a greater error (overestimate) will be made 
in the rate of metabolism, since the fall in plasma 
concentration will be contributed to by continued 
distribution as well as by degradation. 

In calculation of the total exchangeable pool of 
serum albumin, it has been a common practice, 
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TABLE 1. APPROXIMATE AVERAGE VALUES OBTAINED 
WITH ALBUMIN-I'*! FOR DISTRIBUTION AND ME- 
TABOLISM OF ALBUMIN IN NORMAL HUMAN 





SUBJECTS 
Rate of transcapillary passage 5 gm/hr 
Total exchangeable albumin 5 gm/kg 
Intravascular 40% 
Extravascular 60% 
Skin 18% 
Muscle 15 
Heart, lung, liver, kidney, 
spleen 4 
Unaccounted for 23 
Half-time for turnover 18 days 
Fractional rate of degradation 4%/day 


Synthesis 0.2 gm/kg/day 





in studies of this type, to extrapolate the meta- 
bolic straight line portion of the curve to zero time 
(fig. 1) and to consider this to represent the con- 
centration which would exist if the tracer were 
instantaneously distributed throughout its final 
volume of distribution. But this would be correct 
only if the rate of degradation were constant 
throughout the distribution period which would 
mean that the rate of degradation was the same 
in all compartments. Since this is not the case, 
an avoidable error is introduced by this practice. 
To clarify this point let us suppose that degrada- 
tion takes place only in the most slowly equili- 
brating extravascular pools. Then, clearly, vir- 
tually no degradation would have occurred during 
the very early period since the tracer had not yet 
entered these pools in significant quantities. The 
extrapolation should therefore have been flat- 
tened out as it approached zero time. Conversely, 
if degradation occurred primarily in the plasma 
itself or in rapidly equilibrating compartments, 
the rate of degradation would be greater during 
the early period and the extrapolation should 
have bent upwards as it approached the ordi- 
nate. It has been shown that the rate of degrada- 
tion parallels the concentration in the rapidly 
equilibrating compartments (5) so that the latter 
situation is the one which appears to obtain in 
the body. These errors can be minimized by 
evaluating the space of distribution from the 
usual ‘indicator dilution’ formula, 


volume of distribution = 
amount injected — amount excreted 





plasma concentration 


Perhaps of greater importance is that the calcu- 
lation of total exchangeable albumin by this 
method also obviates errors arising from the 
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presence of nonprotein bound radioactivity or 
rapidly degraded denatured components. 

When a graph of the volume of distribution or 
its reciprocal, plotted as a function of time 
(for convenience termed a ‘distribution curve’), 
reaches an horizontal asymptote, it indicates that 
no further increase in the space of distribution is 
occurring and that any further fall in the plasma 
concentration is related solely to metabolism. 
In the absence of nonprotein bound radioactivity 
or denatured material this method yields a value 
for total exchangeable albumin about 5% 
smaller than is obtained from the zero time 
extrapolation of the plasma curve. Since it can 
be shown from the theory of open compartment 
systems that the specific activities are not 
identical in all compartments at distribution 
equilibrium!, even this method gives values 
slightly too high for total exchangeable albumin. 
However the error is probably no greater than 3% 
or so under most circumstances (APPENDIX). 
On the other hand, when loss from the plasma is 
extremely rapid, as in marked proteinuria, the 
estimate of total exchangeable albumin may 
involve a significant error. Gitlin, Janeway and 
Farr (6) have recently studied nephrotic children 
with marked proteinuria and have stated that 
specific activities in edema fluid may be 30 times 
as high as in plasma. These values are much too 
high to be resolved on the basis of mathematical 
theory alone (APPENDIX) and cannot be accepted 
without challenge. Nevertheless, they do serve to 
point up the difficulties in cases where loss of 
tracer from the plasma is rapid compared to the 
rate of return from extravascular regions. A 
similar problem has been encountered in the 
measurement of extracellular space with inulin 
and sucrose (7). 

If the ‘distribution curve’ is resolved into its 
exponential components, it is almost always 
observed to have two such components in addi- 
tion to the constant asymptotic value and can be 
described by the equation A~1t + Bt 4+ C. 
While the presence of two such components is 
evidence for the existence of at least two main 
groups of extravascular compartments equilibrat- 
ing with plasma at distinguishably different rates, 
it must be emphasized strongly that the rates of 
these two exponential components are not the 
rates of equilibration of the two compartments 


1 Distribution equilibrium in these cases is de- 
fined as the state in which the ratios of specific 
activities among the various compartments re- 
mains constant. 
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with the plasma nor are the coefficients of these 
components a direct measure of the relative sizes 
of these compartments. However, since the sum 
of A + B does represent extravascular albumin, 
(A + B)/C is the ratio of extravascular to intra- 
vascular albumin, which in normal subjects 
averages 60:40 (4). This ratio is increased 
significantly in myxedema (8, 9) and in patients 
with massive ascites (4). 

It was of interest to try to evaluate the an- 
atomic distribution of the extravascular compart- 
ments. Earlier we had obtained evidence which 
indicated that the liver did not represent an 
important extravascular pool of albumin (10) 
and these observations were confirmed by exami- 
nation at autopsy of the tissues of 2 patients who 
had received I'* labeled albumin 1 and 22 days 
respectively prior to death (11). It was found 
that the total extravascular albumin content of 
liver, kidneys, spleen, heart and lungs did not 
amount to more than 4% of the total exchangea- 
ble albumin of the body (11). From a comparison 
of the tissue/plasma ratios in the two subjects, 
it also appeared as if the liver, spleen and intes- 
tine had reached their equilibrium concentrations 
within 1 day but that the I' albumin content of 
muscle, lung and several other tissues continued 
to increase significantly after this time. 

These studies were extended by assay of muscle 
and skin biopsies from subjects who had received 
intravenous albumin-I'*! at various intervals 
prior to surgical procedures. It was observed that 
not only was the final equilibration slow in these 
tissues but also that their albumin content ac- 
counted for more than half of the total extra- 
vascular pool. The relatively high albumin con- 
tent of skin (amounting to about 25-30% that 
in plasma) might have been anticipated from its 
high extracellular fluid content. Altogether more 
than three fourths of the total body albumin could 
be accounted for in the plasma, skin, muscle and 
the major viscera indicated above (table 1). 

Let us now turn from the distribution of T!*! 
labeled serum albumin to its metabolism. In the 
steady state, once distribution equilibrium is 
attained, the fractional rate of fall in the plasma 
concentration should be equal to the fractional 
tate of loss from the body as a whole. Since the 
latter is reflected in the rate of urinary excretion, 
the rate of albumin degradation can be obtained 
from two independent sources of data, namely 
plasma and urine (4). However, changes in 
plasma concentration may be produced by 
factors irrelevant to the rate of protein metabo- 
lism, such as hemodilution or hemoconcentration 
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Fig. 1. Typical curve of plasma concentration 
of albumin-I"*! as a function of time following 
intravenous administration. The broken line 
represents the extrapolation of the ‘metabolic’ 
segment of the curve. For the significance of the 
heavy curved lines above and below see text. 


or shifts between extravascular and intravascular 
compartments. Under these conditions, inter- 
pretation of the plasma curve alone is very un- 
certain and employment of C“, N! or 8% is 
likely to lead to difficulty. Here, however, I! 
labeled albumin remains useful. Since the renal 
excretion of nonprotein-bound I reflects the 
metabolic degradation of albumin, the rate of 
protein degradation can still be determined even 
in the absence of the steady state. Let us suppose, 
for example, that s subject excretes 300 x 107% 
pe I! (monprotein-bound) during a day when 
his mean plasma concentration is 1 X 107% ue 
J31/ml. This indicates that he has metabolized 
the albumin content of 300 ml. of plasma. If the 
plasma albumin concentration is 4 gm/100 ml, 
the rate of metabolism is 12 gm/day. We might 
then speak of the 300 ml plasma/day as the 
‘metabolic clearance’ of albumin so that the 
quantity of albumin degraded is equal to the 
product of metabolic clearance and the albumin 
concentration. This approach, originally used for 
evaluating the metabolism of endogenously 
synthesized thyroid hormone (12), was subse- 
quently applied to the study of albumin metab- 
olism in normal subjects rendered hyperthyroid 
by the administration of desiccated thyroid, 
12-15 grains/day (9). Following institution of 
thyroid treatment there ensued a progressive 
increase in the rate of albumin degradation. 
However, because of an increase in plasma 
volume, a decrease in serum albumin concentra- 
tion, and a shift from extravascular to intravascu- 
lar compartments, the slope of the plasma curve 
itself was of limited usefulness in evaluating these 
changes. The ‘metabolic clearance’ technique 
made it possible to calculate the amount of 
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Fig. 2. Paper electrophoretogram of radio- 
iodinated plasma of subject with multiple mye- 
loma. 


albumin degraded each day throughout the 
study. The total amount degraded during the 
period of thyroid treatment was obtained from 
the sum of the daily values. A second tracer dose 
of albumin-I'* was then injected for revaluation 
of the total exchangeable albumin which was 
observed to have decreased somewhat in all 
cases. From the values for the total amount 
degraded and the change in total exchangeable 
albumin, it was a simple task to calculate the 
amount synthesized during this period. Thus 
both the albumin degraded and the albumin 
synthesized were determined during a nonsteady 
state period. 

The method employing the ‘metabolic clear- 
ance’ concept has further advantages. Not. only 
is the determination of total exchangeable al- 
bumin unnecessary but since the degrading com- 
partments are in rapid exchange with the plasma, 
complete distribution equilibrium is also not 
essential in this method. Values for albumin 
turnover obtained by all three methods—1/) 
from plasma data alone; 2) from urine data alone; 
8) from metabolic clearance—are generally in 
excellent agreement (9). In adult male subjects 
without abnormalities of protein metabolism, 
these methods indicate an albumin turnover of 
about 15 gm/day (4, 9, 13) which amounts to an 
average of 205-215 mg/kg/day (13). 

The discussion thus far has related to I! 
labeled serum albumin. Similar studies, of course, 
are feasible with any other protein which can be 
obtained in a reasonably homogeneous form, such 
as hormones, antigens etc. However, it is not 
necessary to employ a ‘pure’ protein to accom- 
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plish the same ends provided that the protein of 
interest can be identified in the iodinated mixture 
administered and in the body fluids after adminis. 
tration. For example, in a study of the metab. 
olism of myeloma protein (14), the problem of 
separation and purification of the specific protein 
was avoided by iodination of the whole serum of 
a subject with a high concentration of myeloma 
(y) globulin. The I'* labeled serum was then 
administered back to the original patient as well 
as to another subject with multiple myeloma 
who did not manifest any particular abnormal. 
ity in the serum proteins but who did excrete a 
rather large amount of Bence-Jones protein in 
his urine. Plasma samples taken at intervals 
from both subjects were subjected to electro. 
phoresis on paper strips which were then scanned 
for radioactivity (fig. 2). Concentrations cor. 
responding to albumin and myeloma protein were 
determined by measurement of the areas under 
the respective peaks to yield data regarding the 
exchangeable pools and turnover rates of these 
proteins in donor and recipient subjects. Exami- 
nation of protein-bound radioactivity in the 
urine did not support the concept of a precursor. 
product relationship between serum myeloma 
protein and Bence-Jones protein respectively, 
In the few minutes remaining, I would like to 
call your attention to some of the pitfalls asso- 
ciated with the use of I'* labeled proteins. Early 
in our studies we were plagued by the presence 
of heterogeneities with respect to the rate of 
degradation of iodoalbumin. With some prep- 
arations, a rather large fraction was degraded 
rapidly, occasionally as much as 18-20% of the 
dose appearing in the urine as nonprotein-bound 
radioactivity during the first day (4). The rate 
of metabolism of the iodoalbumin subsequently 
showed a more or less gradual decrease to a rate 
of 4-5% per day after several weeks. These 
findings suggested that a fraction of the labeled 
albumin was damaged in preparation. With the 
development of better preparations we subse 
quently obtained fairly uniform rates of degrada- 
tion at about 4%/day or less (T14 & 18 days). 
These are sufficiently close to the rates obtained 
by London with N* labeled glycine (15) and by 
Volwiler in his transfusion experiments employ- 
ing biosynthetically labeled albumin S* (16) 
to indicate that the I! labeled proteins can give 
valid turnover data, especially when one considers 
that the slower rates obtained with the N™ and 
S* labeled proteins are probably due to reutiliza- 
tion of those isotopes. More recently McFarlane 
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and associates (17, 18) have observed essentially 
the same rate of metabolism with carefully pre- 
pared albumin-I'* as with albumin labeled 
endogenously with C™ in vivo in the rabbit. 
However, reports have continued to appear 
wherein I'*! labeled serum albumin is metabolized 
at rates of 514-6% or more per day in normal 
human subjects (19). Although damage to the 
protein can occur during the process of labeling as 
the result of any number of chemical or physical 
eflects depending on the method of iodination 
employed, our experience with alterations of I! 
labeled insulin by self-irradiation (20, 21) 
stimulated us to investigate the effects of irradia- 
tion on the rate of serum albumin metabolism 
(22, 23). Lots of albumin were iodinated with 
small amounts of I and aliquots were then 
irradiated with a dose of 45 kilorad from a 1 
Mev peak energy x-ray machine. This is about 
equal to the radiation dose absorbed in one 
week by solutions containing 700 we I!*/ml. 
Irradiated and control preparations were handled 
in an identical manner except for the irradiation, 
and samples of each were administered to human 
subjects without known abnormalities of protein 
metabolism. When the irradiated solutions con- 
tained 0.2 mg protein/ml the damage was con- 
siderable as was manifested in an abnormally 
rapid rate of metabolism. Increase in the concen- 
tration to 20 mg/ml appeared to protect against 
the irradiation damage quite completely but at 5 
mg/ml there was still some alteration of the 
protein which led to its more rapid degradation. 
Similar changes were observed when the source 
of irradiation was I!*! in solution rather than x- 
rays. The protective effect of high concentrations 
can and should be utilized whenever possible and 
there is no reason not to do so in metabolic studies 
employing I'* labeled serum proteins. In certain 
instances, as in the use of labeled hormones, in 
order to be able to administer sufficient radio- 
activity for convenient assay and yet to remain 
within physiologic if not tracer levels of the hor- 
mone itself, it is necessary to employ preparations 
of high specific activity. Special precautions 
against radiation damage are then required since 
the alterations produced may be particularly 
troublesome. In the case of hormones such as 
insulin and glucagon, irradiation produces labeled 
products which bind to the serum proteins and 
long outlast the rapidly metabolized tagged 
hormones in the blood stream. Therefore it has 
been our practice, in cases where high specific 
activity preparations are essential, to add large 
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amounts of serum albumin to the tagged hor- 
mone. In this way further irradiation damage is 
prevented or at least kept to a minimum. 

In spite of the numerous difficulties encoun- 
tered in the application of I'*' labeled proteins to 
metabolic studies much useful information can 
be obtained when due attention is paid to the 
limitations of the methods employed and the 
various sources of possible error. 


APPENDIX 


The total exchangeable albumin pool may be 
treated as an open two-compartment system com- 
posed of 1) plasma and rapidly exchangeable 
extravascular spaces and 2) slowly equilibrating 
extravascular spaces including edema fluid. Loss 
from the system as the result of metabolic degra- 
dation or proteinuria occurs from the first of these 
compartments. Although the assumption of two 
compartments represents a gross oversimplifica- 
tion, it would appear to be valid for the purpose of 
the present discussion. 

If the total radioactive albumin in each of the 
compartments is A’; and A’. respectively and the 
total endogenous albumin is A; and Az respectively 
then at any time, t, after administration of radio- 
active albumin, 


dA’2/dt = —da A’2 + Aw A's (1) 


and in the steady state 


Aer Ao = Are Ad (2) 


where A12 and Az are the rate constants for albu- 
min transfer in the directions indicated by the 
subscript designations. 
From (1) 

dA’./dt A’ 


A’ 
A’ - = —da + Ma 7, 








(3) 


After distribution equilibrium (see footnote!) 
is attained, the slopes of disappearance in all 
compartments are identical and equal to K, the 
fractional rate of loss of total body radioactive 
albumin. Therefore, at distribution equilibrium 


d , 
5 a 


= (4) 





Then, from 2, 3, 4 


A‘,/As mt Aer (6) 
A‘/Ar Aa —K 





where A’2/A2 and A’;/A; are the specific activities 
in compartments 2 and 1 respectively. 

In normal subjects, \21, estimated from the rate 
of disappearance of albumin-I'*! injected into 
skin, muscle and subcutaneous tissue, ranged from 
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0.24-1.2 days! in one study (4) and in another 
study (24) averaged about 0.65 days“, while K 
is normally about 0.040 days“! (4). Thus the 
specific activity in the slowly equilibrating extra- 
vascular compartment may be overestimated by 
about 6%. Since the total extravascular albumin 
is normally about 60% of the total exchangeable 
albumin, estimates of the latter by the isotope 
dilution technique are not likely to be in error by 
more than about 3% in normal subjects. 

The error is likely to be somewhat greater in 
proteinuric subjects but for the specific activity 
in edema fluid to exceed that in plasma 30-fold 
(6), K would have to be almost as great as X21. 
However, \21 was observed to average about 1.7 
days — (24) in nephrotic subjects and the highest 
value observed for K in the subjects studied by 
Gitlin and associates (6) was 0.39 days!. The 
highest ratio anticipated between specific activi- 
ties in edema fluid and plasma should therefore 
not exceed 1/3 under these conditions. 


ADDENDUM 


Since the preparation of this brief review there 
has appeared a paper by Margen and Tarver (25) 
which merits some comments apropos of considera- 
tions already discussed. These authors compared 
albumin labeled endogenously with S** and albu- 
min labeled in vitro with I'*!. Their conclusions 
that there is a marked difference in the behavior of 
these two labeled proteins and that the iodinated 
protein yields ‘no stable half life’ would appear to 
be invalidated by their use of obviously denatured 
albumin-I'*! and by considerable evidence to the 
contrary. The curves and data presented by these 
authors are similar to those reported previously 
from this laboratory (4) and by McFarlane (17) 
for grossly damaged lots of albumin-I"*! and are 
quite unlike those for unaltered preparations (4, 
13). Since Margen and Tarver estimated total 
exchangeable albumin from the zero time extrapo- 
lation of their plasma curves rather than from the 
indicator dilution formula, it is also not at all sur- 
prising that the values obtained under these cir- 
cumstances were spuriously high. Values for total 
exchangeable albumin obtained with satisfactory 
lots of albumin-I'*! (4, 13) are, if anything, even 
lower than those given for albumin-S**. Further- 
more, although Margen and Tarver presented 
values for albumin-I'*! degradation three times as 
great as for albumin-S**, their values for the 
latter (180 mg/kg/day) are only slightly lower 
than ours with undamaged albumin-I'*! (4, 13) 
and these slight differences would appear to be 
accounted for on the basis of reutilization of the 
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INTERPRETATION OF STUDIES OF THE METABOLISM OF 
ISOTOPICALLY LABELED HORMONES! 


Rosert E. OLson 


From the Department of Biochemistry and Nutrition, Graduate School of Public Health, 
University of Pittsburgh, Pittsburgh, Pennsylvania 


ee endocrinologists and biochemists 
have studied the effects of hormones upon tissue 
metabolism both in vivo and in vitro for many 
years, it has been comparatively recently that 
techniques have become available to them for 
the study of the metabolism of the hormones 
themselves. One of the difficulties has been the 
fact that the concentration of endocrine secretions 
in body fluids is so infinitesimal. Recent studies 
would suggest that the order of magnitude of 
these concentrations is that of micrograms per 
eent, ranging from 0.2-0.8 ug% in the case of 
insulin (1, 2) to from 10-40 ug% in the case of 
the 17-hydroxycorticoids (3). With plasma con- 
centrations of this order, the analytical problems 
encountered in the determination of the levels of 
nonprotein hormones in different physiological 
and pathological situations are discouraging; for 
the protein hormones which circulate at such 
concentrations that even sensitive bioassay pro- 
cedures are taxed (2), they are well nigh prohib- 
itive. 

With the perfection of techniques for the care- 
ful radioactive iodination of the protein hormones 
to specific activities in the order of 5-30 uc/ug 
of hormone and with the advent of scintillation 
well counters with sensitivities of the order of 
1 X 10° cpm/uc it has been possible to identify 
these hormones in body fluids and tissues, to 
estimate their concentrations and to determine 
their turnover rates. I think it is now well 
established tht ail biological catalysts, i.e. 
hormones, coenzymes and enzymes, as well as all 
substrates, participate in the general metabolic 
tunover which characterizes cellular physiology. 
Within the past several years we have had some 
very illuminating studies of hormone metabolism 
with radioactive iodinated tracers and I shall 
tite some of them in reviewing the norms which 





1 The original work cited herein is supported in 
part by a grant-in-aid from the Life Insurance 
Medical Research Fund, New York City. 


govern the sound interpretation of data forth- 
coming from such studies. 

It is obvious that the usefulness ofan isotopi- 
cally labeled substance in metabolic studies is 
devendent upon the isotopic substance being 
1) chemically pure, 2) fully biologically active 
and 3) employed in physiological dosage. As has 
been pointed out by other speakers, iodination 
of naturally occurring non-iodinated proteins 
changes the chemical nature of the protein as the 
tyrosine and histidine moieties take up iodine. 
The changes with minimal iodination appear to 
be so slight that they are undetected by study of 
certain physical-chemical properties such as 
mobility, sedimentation rate and intrinsic vis- 
cosity and by certain biological criteria such as 
immunologic specificity and specific biological 
activity. On the other hand, vigorous iodination 
may alter many of the above criteria and destroy 
the biological activity (4). The level of iodination 
which is generally sought in tagging protein 
hormones is a mean of one atom of iodine per 
mole of protein. The technique usually employed 
involves the iodination of the protein hormone 
with stoichiometric amounts of I,;'*' at pH’s 
between 7.5 and 9.0 for relatively short periods 
(ranging from 10 sec. to 30 min., exact duration 
varying inversely with the pH) followed by dial- 
ysis or treatment with an ion exchange resin to 
remove the excess iodide!*!. Under these condi- 
tions the physical-chemical properties of the 
protein appear to be unchanged and the biologi- 
cal activity is preserved. It must be remembered, 
however, that properly conducted bioassays have 
an error of from 10 to 30% and that the tech- 
niques of sedimentation and electrophoresis are 
subject to errors of the order of 10%. Neverthe- 
less, a combination of assays and analyses of 
properly iodinated hormone suggests that this 
material is useful as a tracer for its physiological 
counterpart. 

I should like to begin this discussion of the 
metabolism of the artificially iodinated protein 
hormones with a consideration of the metabolism 
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Fic. 1. Metabolism of iodine and physiologically iodinated compounds in the animal body 


of the physiologically iodinated non-protein 
hormone thyroxine. Physiological pathways 
exist in the mammal for the catabolism of diiodo- 
and monoiodo-tyrosine which are breakdown 
products of both thyroxine and artificially iodi- 
nated proteins. A summary of thyroid hormone 
metabolism, as understood today, is presented in 
figure 1. Inorganic plasma iodide, derived from 
the diet, is concentrated in the thyroid gland 50- 
to 150-fold and undergoes oxidation to iodine by 
an enzyme (5). Since free iodine has never been 
found in the thyroid gland, it is presumably 
taken up by tyrosine as soon as formed yielding 
3-monoiodo- and 3,5-diiodo-tyrosine. Although 
Gross and Pitt-Rivers (6) feel that iodination of 
tyrosine is non-enzymatic, Fawcett and Kirk- 
wood (7) have shown that an enzyme found in 
thyroid tissue and salivary gland, but not in 
liver, spleen, heart and skeletal muscle, catalyzes 
the iodination of tyrosine to monoiodo-tyrosine. 
These authors postulate further that this enzyme 
may be involved in the deiodination of monoiodo- 
tyrosine in salivary glands and possibly other 
sites in the periphery where a lower redox poten- 
tial would favor deiodination. 

The iodinated amino acids are then incor- 
porated into thyroglobulin as such, or in the form 
of thyronine derivatives of which three physi- 
ological ones are known: 3,5,3/5’-tetraiodothy- 
ronine (thyroxine), 3 ,5,3’- twitedothyrenine (8, 9) 
and 3,3’-diodothyronine (10, 11). The thyroid 


gland contains a proteolytic enzyme which, unde 
thyrotropic hormone control, liberates thyroid 
hormone (mainly thyroxine but also the othe 
thyronines cited above) from thyroglobulin fo 
secretion into the blood. In the plasma, thyroid 
hormone travels bound to an alpha-1 globulin 
In the periphery the hormone is disassociate 
from plasma protein in order to penetrate cellular 
membranes and exert its physiological effect. The 
first dehalogenation product of thyroxine in the 
periphery, triiodo-thyronine, may indeed be the 
metabolically active hormone (12). Triiodo- 
thyronine is then apparently further degraded to 
monoiodo- and diiodo-tyrosine and these com- 
pounds then deiodinated to yield inorganic iodide 
and tyrosine. The rate of deiodination of 3,5 


diiodo-tyrosine appears to be 3-5 times as rapid§. 


as the overall deiodination of thyroxine (18), 
The iodide appears in the plasma and then may 
recycle through the thyroid gland or be excreted 
into the urine by the kidney. In addition 
deiodination some of the plasma thyroxine # 
metabolized via glucuronide formation in the 
liver followed by biliary excretion into the gut. 
Much of this thyroxine is reabsorbed but some 
appears in the stool. The fraction of thyroxine 
excreted as the glycuronide varies from species 
to species, being high in the rat, intermediate it 
the dog and low in man (14). 

These pathways are shared, in part, by cata 
bolic products of artificially iodinated proteins. 
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TABLE 1. FORMULATIONS USED IN ISOTOPIC 
TURNOVER STUDIES 


A=i(=-1); 2. A/C=S 
ao 
3 In =Kt; 4. K= = =a/A 
at t 2 
p.tt=1/K =1.44t%; 6. a= AK 
where: 
j = amount of isotopic substance given 
a = specific activity of isotopic substance given 
(CPM/unitweight) 


a = specific activity of body pool of isotopic 
substance at zero time 

specific activity of body pool of isotopic 
substance at time t 

exchangeable pool in amount 

concentration of substance per unit volume 

apparent space occupied by the substance 
in the organism 

fractional turnover rate 

time for a to decline to 4 a 

time required to turn over an amount of 
substance equal to pool size 

a = absolute turnover rate in amount per unit 

time 
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Te 
noun 


2 
tt 


nou 


Although there is no evidence that deiodination 
of intact proteins occurs in the mammal, there is 
good evidence to suggest that the iodinated 
amino acids liberated in proteolysis of these 
proteins are rapidly deiodinated by the systems 
mentioned above. The inorganic iodide formed 
may then be recycled to thyroid hormone in the 
thyroid gland or excreted in the urine. If quanti- 
tative recovery in the urine of iodide liberated 
in proteolysis is expected, blockage of the 
thyroid with potassium iodide or thiouracil is 
required. It also follows from these considerations 
that if only radioactive label is being followed in 
tissue studies (total tissue counts, total counts 
associated with particulates or proteins or counts 
by radioautography) as evidence of the fate of 
intact hormone, separate evidence must be ad- 
duced to show that the label is truly associated 
with the hormone at the time of analysis and does 
not represent the radioactivity of proteolytic 
products. 

If one administers labeled metabolite by vein 
and follows the specific activity in the plasma as 
afunction of time, a plot of the logarithm of the 
specific activity of the metabolite against time 
will reveal one or more linear regression lines as 
has been noted by the other speakers. From the 
rate of change of specific activity with time and 
fom the degree of isotopic dilution within the 
tganism, useful information about the metabolic 
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turnover of the substance can be obtained. Stand- 
ard nomenclature for the constants and _ par- 
ameters of isotope turnover data is desirable. 
Those suggested by Zilversmit (15) are used 
for the present discussion and are listed in table 
1. The amount of tracer administered (i) in rela- 
tionship to the pool size (A) should be as small 
as possible. 

In the calculation of pool size, A, the critical 
value is that of ao or the extrapolated zero inter- 
cept of the semilogarithmic decay plot. Since 
this die-away curve is rarely linear and is usually 
made up of two or three portions of different 
slope, the problem in arriving at the correct 
extrapolated value for ao is apparent. The initial 
rapid decline in specific activity generally re- 
flects dilution within the plasma, + binding to 
protein, transfer to additional compartments 
such as the extracellular space and/or intra- 
cellular space, as well as metabolism and excre- 
tion. This is a period of non-steady state and is 
meaningless for purposes of extrapolation. If 
distribution is rapid, the next portion of the decay 
plot will be linear and will represent the steady 
state of first order kinetics which characterizes 
the replacement of isotopic hormone by newly 
synthesized non-isotopic hormone. From this 
portion of the curve a meaningful extrapolation 
to ap can be made. If distribution is slower, a 
third linear portion of lesser slope will finally 
appear from which the true extrapolation must 
be made. The final test of adequate mixing is the 
attainment of parallel rates of change of specific 
activity in plasma specific activity and total 
body radioactivity. If disproportionate losses of 
radioactivity occur in the period of mixing of the 
body pool of substance with the isotopic tracer 
due to failure of the administered substance to 
merge with its physiological counterpart (16), 
the extrapolated value of the linear portion will 
give an intercept (ao) too low and hence an 
apparent pool size (A) which is too large. Re- 
cycling of isotope, on the other hand, will de- 
crease the slope of the die-away curve and give 
values for biological decay (t* and t!/2) which are 
too slow. 

The physiological space (S) is obtained by 
dividing the pool size (A) by the plasma concen- 
tration (C). This calculation assumes that isotope 
dilution is complete, that plasma concentration 
and pool size have been constant throughout the 
experiment, and that the substance is distributed 
throughout the space at plasma concentration. 
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FRACTION ADMINISTERED DOSE OF I= INSULIN/L X BODY WEIGHT IN KG. 
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Fic. 2. Biological decay of insulin-I'*! in patients with and without prior insulin treatment. After 


Berson et al. (1). 


Only in a limited number of situations are all 
three provisos true, and only in these situations 
does S have a physiological significance. 

The fractional turnover rate (K) is the fraction 
of the pool renewed per unit time and may be 
calculated from the linear portion of the decay 
curve in the steady state. Its reciprocal is the 
turnover time (t,), or the time required to turn 
over an amount of metabolite equal to the pool 
size. The absolute turnover rate, a, is determined 
by multiplying the fractional turnover rate times 
the pool size and its accuracy therefore will 
depend upon having accurate values for both K 
and A. 

The necessity for employing suitably prepared 
and purified labeled hormone for the determina- 


tion of the rate of metabolic turnover in the 
animal body cannot be overemphasized. McFar. 
lane and his colleagues (16) have shown that 
improperly iodinated albumin is preferentially 
degraded during the period of equilibration prio 
to establishment of the slow exponential decay 
curve and if this latter portion is extrapolated 
zero time the pool size obtained may range up #0 
four times that obtained with properly iodinated 
albumin. We have noted a similar artefact in the 
study of the metabolism of J-thyroxine-I™ in 
euthyroid and thyroid-fed hyperthyroid dog 
employed in a study of the effect of excess thyroil 
hormone upon cardiac metabolism (17). Hyper 
thyroid dogs given /-thyroxine-I' by vein gave 
extrapolated value of the exponential portion 
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the die-away curves which were indicatory of a 
space of distribution twice as large as that ob- 
tained in normal dogs accompanied by decreased 
total urinary iodide excretion. Since this phenom- 
enon is not seen in hyperthyroid man given en- 
dogenously synthesized thyroid hormone (18), 
the explanation may reside in the fact that 
|-thyroxine (apart from circulating /-thyroxine- 
protein complex) may be so rapidly metabolized 
to its glucuronide and excreted via the bile in the 
hyperthyroid animal, that a sizeable percentage 
of the administered radioactive thyroxine is 
excreted before it becomes fully assimilated into 
the serum protein-bound iodine pool. Albert and 
Keating (19) noted extremely rapid accumulation 
of radioactivity in the liver (830% of the dose in 1 
min.) following administration of /-thyroxine-I!*! 
to rats with subsequent secretion into the gastro- 
intestinal tract. Such an event would increase 
the apparent space of distribution by a large 
factor and may account for the enlarged thyroxine 
space of hyperthyroid dogs. It also should be 
pointed out that an active enterohepatic circula- 
tion of thyroxine would also’ increase the biologi- 
cal half-life in the same way as does any other 
process of recycling of isotope. All of these 
factors must be considered in the interpretation 
of studies of iodinated-hormone turnover. 

As far as I have been able to determine, four 
protein hormones have been iodinated for meta- 
bolic studies. These are insulin (20), lactogenic 
hormone (21), adrenocorticotrophic hormone 
(20, 22) and glucagon (23). Some very interesting 
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results have been obtained in the study of the 
metabolism of insulin by Berson and his col- 
leagues (1). Figure 2 presents the results of ad- 
ministration of insulin-I'* to humans with and 
without prior insulin treatment. A function of 
the specific activity of plasma insulin is plotted 
against time. The specific parameter used (frac- 
tion administered dose I'*!-insulin per liter x 
body weight in kilograms) is the reciprocal of 
the space of distribution in terms of percentage of 
body weight. The curves presented are the aver- 
age curves for from 12 to 20 persons in each group. 
The top curve represents the rate of change of 
trichloracetic acid precipitable iodine in the 
plasma of diabetics and other non-diabetic pa- 
tients who had received insulin prior to the 
experiment. The apparent half-life of insulin 
in these patients was 230 minutes and the space 
of distribution about 12% of the body weight. 
In control patients who had not received insulin 
prior to the experiment, an appreciably larger 
space of distribution (45% of body weight) and 
a shorter half-life (180 min.) were observed. 
When paper electrophoretograms were made of 
the plasma from each group of subjects at inter- 
vals after insulin-I administration, it was ob- 
served that /) unbound insulin appeared to be 
adsorbed to the paper at the origin and did not 
migrate; 2) large amounts of radioactivity mi- 
grated with gamma globulin in the insulin- 
treated group and 3) smaller amounts of radio- 
activity migrated non-specifically with all of the 
plasma proteins in both groups. It was then 
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Fig. 3. Distribution of radioactivity in liver intracellular components after administration of insulin- 
I! as compared with thyroxine-I!*!. After Lee and Williams (29). 
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Fig. 4. Metabolism of insulin in the animal body. 


established that tagged insulin combined reversi- 
bly with gamma globulin in patients who had 
previously received bovine insulin and _ this 
accounted for the prolonged retention and small 
space of distribution noted in this group. It was 
further noted that the variable amounts of radio- 
activity migrating with all of the plasma proteins 
represented ‘changed insulin,’ possibly through 
self-radiation, and constituted an artefact. When 
the non-mobile I'* on the electrophoretograms 
was plotted against time for the normal group, 
a third and lowest curve with a half-life of 35 
minutes was obtained. This, in all probability, 
represents the true turnover rate of insulin in the 
normal subject. By assuming an insulin require- 
ment and hence daily turnover rate in the de- 
pancreatized human of 48 units/day and applying 
the equations previously outlined, it was cal- 
culated that the plasma concentration was 0.25 
ug%, which is of the same order as determined 
by bioassay (2). This example of some of the 
problems which arise in the study of metabolic 
turnover of an iodinated hormone is particularly 
good because it illustrates very well some of the 
pitfalls which await the unwary. 

If insulin has a biological half-life of about 35 
minutes it is obvious that it is undergoing rapid 
synthesis and destruction in the animal body. 
Mirsky demonstrated some time ago (24) that 
extracts of liver contained an enzyme which 
destroyed the biological activity of insulin and 
designated the enzyme ‘insulinase.” More re- 





2 J think the decision on whether or not this is 
an appropriate term for this enzyme will have to 
wait for purification of the enzyme. I understand 
that Martha Vaughan has purified insulinase, but 
I do not know to what extent or whether she actu- 
ally has erystalled it. Dr. Mirsky coined the term 
‘insulinase’ to connote insulin inactivation by an 
enzyme. The evidence to date is based upon incu- 
bation of insulin with partially purified liver ex- 


cently he and coworkers (25) have found that 
iodinated amino acids are liberated from insulin. 
I by this enzyme and that the kinetics of the 
proteolysis followed the Michaelis-Menten formu. 
lation. Precise specificity for insulin was not 
demonstrated, however, with ribonuclease, pepsin 
and prolactin undergoing some splitting. Tomi- 
zawa et al. (26) have adduced additional evidence 
that the insulin inactivating enzyme also splits 
a-corticotropin, a-casein, growth hormone and 
glucagon. 


Stadie and his colleagues discovered that’ 


insulin is bound to tissues (27) and have con- 
cluded that this binding is essential for its biologi- 
eal activity (28). Another aspect of insulin metab- 
olism, therefore, is the extent of binding to cells 
in the periphery. Lee and Williams (29) injected 
iodinated insulin into whole animals and deter- 
mined the amount of radioactivity in liver 
homogenate and in the particulates isolated from 
the homogenate by sucrose fractionation. In 
figure 3 these findings are compared with those 
observed after administration of I-thyroxine-I™ 
in a similar experiment. Since NaI is not bound, 
it may be concluded from these data that insulin 
and thyroxine are both bound to cell particulates, 
that the distribution among nuclei, mitochondria, 
microsomes and supernatant is different for the 
two hormones, and that the time course of change 
in distribution of activity represents either trans- 
fer of hormone between particulates or the in- 
corporation of metabolic end-products of hormone 
degradation into certain of the particulates. 


tract, and the specificity is hypothetical until the 
enzyme is purified. It is not proved that this 
proteolytic activity, and that is what it appears 
to be, since iodinated insulin gives rise to iodi- 
nated amino acids in the TCA soluble portion of 
the digests, is entirely specific for insulin. The 
fact that it is not entirely nonspecific, I think, is 
established. 
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Further studies to clarify the peripheral metab- 
olism of both hormones with additional controls 
(3,5-diiodotyrosine-I™) are needed. 

A summary of insulin metabolism, as revealed 
with isotopic tracers, is shown in figure 4. Insulin, 
synthesized in the pancreatic islet cells from 
amino acids, is secreted into the plasma where it 
travels to the periphery and is absorbed or ad- 
sorbed to cellular membrane and particulates and 
exerts its physiological function (28, 30). En- 
gymes in the periphery degrade insulin to amino 
acid end products which reenter the amino acid 
pool and may serve again as insulin precursors in 
the pancreas. If commercial insulin is adminis- 
tered to man, an ‘antibody-like’ response is 
observed with resultant binding of the adminis- 
tered insulin to gamma globulin which dissociates 
over a prolonged period of time. Whether this 
response represents a species specificity for insulin 
or reflects the appearance of subtle changes in 
structure of bovine or porcine insulin during 
olation has not yet been determined. 

In conclusion I should like to say that this 
presentation was intended to review the metab- 
dlism of iodinated proteins and amino acids in the 
body, to point out the interdependence of the 
parameters of biological turnover determined 
fom decay curves after administration of purified 
hormone, and to illustrate, with studies of one 
hormone, insulin, some of the variables which 
wmplicate the interpretation of turnover data. 
Finally, I should like to say that although there 
are numerous precautions which must be taken 
insuch experimentation, investigators should be 
wmcouraged to explore further the metabolism 
df the protein hormones with the aid of this 
technique. 
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C: 54.1% H: 5.31% N: 10.52% 5 gram 
spec. rot.—16° in O.IN HCI, 10 gram 

c=2 CHR 
Range: C: + .3%, N: +.2% 





Now, for the first time Wann Assayed} 
BIOCHEMICALS inakes available the com- 
plete quality standards for each product. 
Here indeed is a secure starting point, sav- 
ing valuable time and effort by providing 
biochemicals of known purity, and, equally 
important, of reliably consistent supply. 
Only (Mann Assayed) BIOCHEMICALS 
provide: 
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THEORETICAL VALUES .. . as part of 
each listing, we include theoretical elemen- 
tary analysis, exact description and molec- 
ular weight. 

EXACT RANGE OF DETERMINED VALUES 

. to enable the biochemist to determine 
in what range the analysis of each bio- 
chemical will be. 
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Pp-AMINOBENZOYL-L-GLUTAMIC ACID 
Mann Assayed 


Sp.Rot.-16.4° (c=2 in 0.1N HCl) 
C : 54.3% 

H : 5.29% 

N. : 10.64% 

Chromatographically Pure 


FOR CHEMICAL OR INVESTIGATIONAL USE ONLY 


MANN RESEARCH LABORATORIES* INC 


NEW YORK 6 NY 





ON THE LABEL 


THE EXACT ANALYSIS of each lot— 
C.H.N, specific rotation, chromatogram, U.V. 
absorption, and M.P. when indicated — your 
final and exact guide — adding a degree of 
security for the biochemist never before 
available from any source. 


Write, wire or phone today for your 
copy of the Mann Assayed Biochemi- 
cals Catalog 1957 and Price List 
No. 123. 





MANN RESEARCH LABORATORIES, INC. 


Dept. L., 136 Liberty Street, New York 6, N.Y. @ BEekman 3-5865 












provides all of the 
advantages of liquid 
scintillation counting 












@ sensitivity ©@ simplicity of operation 
@ versatility @ ease of sample preparation 


ix completely automatic operation up to 100 — 


Counting Tritium, Carbon-14, and other beta emitting P 
























isotopes by the Tri-Carb Liquid Scintillation Spectrom- 
eter Method offers many advantages over older Pd 
methods such as Geiger and proportional counting. € 





Sensitivity can be shown by noting one extreme condi- 
tion: natural radiocarbon dating can be extended be- 
yond 40,000 years. 


Simplicity of operation can be shown by the other ex- 
treme: hundreds of moderately active samples can be 
counted daily. 


Versatility is indicated by the fact that this is a method 
of spectrometry. Pulse height analysis permits selection 
of the most favorable sample and background condi- 
tions. Also, two or more beta emitting isotopes of dif- 
ferent energies can be selectively counted in a single 





sample. 
Ease of sample preparation is one of the most popular Important to present and prospective users of 
features. Besides samples that are readily soluble in Tri-Carb Spectrometers: 6 


toluene, such things as aqueous samples, carbon dioxide, 


and completely insoluble solid samples can also be The automatic sample handling 


counted. equipment and the printing readout 
rom ti farther enhances the edvantares of th are both designed to be compatible 
utomation now further enhances the advantages of the . . P ye 
Tri-Carb Method. Up to 100 samples can bo handled with all Tri-Carbs. Thus existing 
completely automatically, with the original data ac- models, as well as all new manual 
curately and permanently recorded on paper tape. The models, can be converted to automatic 
instrument can be utilized to the fullest extent—24 operation at any time in the future. 


hours per day—without consuming valuable staff time. 


P. O:. BOX 428 * LA GRANGE, ILLINOIS 








